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Model 181 Service Manual Addendum 



INTRODUCTION 

This addendum to the Model 181 Service Manual is being provided in order to supply you with 
the latest information in the least possible time. Please incorporate these changes into the manual 
before servicing the Model 181. 



Model 262 Low Thermal Voltage Divider 

This addendum concerns availability of the Keithley Model 262 Low Thermal Voltage Divider, 
which is recommended for verifying accuracy and calibrating the Model 181 mV ranges. The 
Model 262 is a precision low thermal divider with divider ratios of 1(P:1, 1 CP:!, 10^:1, and 10^:1. A 
low thermal male-to-male output cable is included with the Model 262. Note that Model 181 veri- 
fication and calibration procedures that use the Model 262 are included in the Model 262 Instruc- 
tion Manual. 



Section 1 , page 2-2: 

Include the Model 262 Low Thermal Voltage Divider in the list of available accessories. 

Table 3-1, page 3-1: 

Replace Item B in the table with the Model 262. 

Table 5-1, page 5-1: 

Replace Items B and F with the Model 262. 
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MODEL 181 



GENERAL INFORMATION 



Section 1. General Information 



1-1. INTRODUCTION 

The Keithley Model 181 is a b'/i and 6 V 2 digit DC voltmeter 
with resolution to 10nV. The Model 181 is a unique DC 
voltmeter in the respect that it combines microprocessor 
technology for full programmability with a new concept in 
nanovolt front ends. It provides highly accurate, stable and 
low noise readings from 10nV to 1000VDC on 7 voltage 
ranges. The 2V through the 1000V ranges utilize the 5-way 
binding posts. The 2mV through the 200mV ranges utilize the 
special low thermal input connector. 

The service manual contains the necessary information for 
calibrating and maintaining the Model 181. This information is 
provided in various sections throughout the manual. These 
sections are listed as Performance Verification, Theory of 
Operation and Maintenance/Calibration. Along with this 
section, General Information, this manual also includes the 
Accessories, a Parts List, and the Schematic Diagrams 

1-2. Warranty Information 

The warranty is given on the inside front cover of this manual 
If there is a need to exorcise the warranty, contact th(! Keithley 
representative in your area to determine the proper action to 
be taken. Keithley maintains service facilities in tfie United 



Kingrjom and West Germany, as well as m ;ti(* -.Jn-its'l S'a’*-'' 
(^h(?c;k llie inside from covrrr of itiis nianual fo' aili Iress*-‘-. 

1-3. Manual Addenda 

Improvements or changes to the instrument wh^ch occur after 
the printing of this manual will be explained on a rnanu.ai 
addendum 

1-4. Safety Symbols and Terms 

This WARNING will be used throughout the ma''ua 
whenever a danger exists that could result in persorral ir-siary u' 
death. There is also an explanation of ttie potential Oangt.,a that 
exists 

This CAUTION wilt be used throughout the manual whenever 
a hazard exists that could damage the instrument 

1 lt(! symbol A on Ifu; instfumrMit -denotes "i.t' the ,s<-- 
sltould refer to ifie o[)eratm(| mstruc tii s s 

rtx; symfiol on itic; inslumient -lenoles . 

mon.' may fro presrmt r)n ifu' Tef'ti=r an's! 



DC VOLTS 

RANGE 


5%-DIGIT 

RESOLUTION 


ACCURACY 
±(%rdg + digits) 
24 HR., 22“-24®C 1 YR.. 


TEMPERATURE 
COEFFICIENT 
± (%rdg + digits)/"C 
0“-1B‘>C & 28"-35“C 


INPUT 

RESISTANCE 


MAXIMUM 

ALLOWABLE 

INPUT 


NMRR 

ILINE 

FREQUENCY) 


2mV 


10 nV 


0.006% + 5 d“ 


0.015% +5d‘ 


0.002 % e3 d 


> IGlt 


120V 


90dB 


20mV 


100 nV 


0.006% +2 d* 


0.015% + 2d* 


0.002 % +0.5d 


> IGlf 


120V 


> 80dB 


200mV 


1 ^V 


0.006% -1-2 d 


0.015% 1 2d 


0.002 % +0,2d 


> 1G« 


120 V 


80d8 


2 V 


10 


0.004% + 1,5d 


0,007% r 2d 


0.0007% +0.2d 


> 1GU 


1000V 


■ 60dB 


20 V 


100 pV 


0.004% + 1,5d 


0.01 % r 2d 


0,0008% +0. 2d 


lOMft 


1000V 


60dB 


200 V 


ImV 


0.004% + 1.5d 


0.01 % + 2d 


0.0008% t 0.2d 


10MW 


1000V 


. 60dB 


1000 V 


lOmV 


0,005% + 1 5d 


0,01 % +2d 


0,0012% +0 2d 


10M» 


1000V 


- 60d8 



CMRR: 160dB on mV ranges, 140dB on V ranges; at DC and line fre- -When properly zeroed 

quency (50 or 60Hz). (Ikfi unbalance) **10 seconds rnaximurn; 35V rms coniinuous 



IEEE-488 BUS IMPLEMENTATION: 

Multiline Commands; DCL, LLO, SDC, GET. 

Uniline Commands: IFC, REN, EOl, SRQ, ATN. 

PROGRAMMABLE PARAMETERS: 

Front Panel Controls: Range, Filter, Zero, Damping, Hi Resolution. 
Internal Parameters: SRQ Response, Trigger Modes, Data 

Terminators. 

ADDRESS MODES: Talk-Only and Addressable. 

TRIGGER MODES: 

One Shot: Updates output buffer once at first valid conversion after 
trigger on TALK and/or GET. 

Continuous: Updates output buffer at all valid conversions after 
trigger. 

GENERAL 

NOISE; Less than 30nV p p on lowest range with Filter on. 

INPUT CAPACITANCE: 5000pF on mV ranges. 

SETTLING TIME: 0.5s to within 25 digits of final reading with Filter on. 
Damping off. 

FILTER: 3-pole digital; RC = 0.5, 1 or 2 seconds depending on range. 
CONVERSION SPEED: 4 raadings/second. 

DISPLAY; Seven 13mm (0.5 in.) LED digits with appropriate decimal point 
and polarity. 

OVERLOAD INDICATION: Display indicates polarity and OFLO. 

ANALOG OUTPUT: 



Accuracy; ±(0.15% of displayed reading + ImV) 

Time Constant; 400ms. 

Level: t 2V full scale on all ranges; XI or X1000 gain 
ISOLATION; Input LO to Output LO or power line ground 1400V peak, 5 
X 10^V*Hz, greater than 10®n paralleled by 1500pF 
WARMUP: 1 hour to rated accuracy when properly zeroed. 
ENVIRONMENTAL LIMITS; Operating; 0<>C to 35"C. 0% to 80% 
relative humidity. Storage; - 25°C to 65“C 
POWER: 105 125V or 210-250V (internal switch selected), 50 60Hz. 
30V*A maximum. 

INPUT CONNECTORS: Special low thermal tor 200mV and lower ranges 
Binding posts for 2V to 1000V ranges. 

DIMENSIONS, WEIGHT: I27mm high x 216mm wide x 359mm deep 
(5" X 8Vi" X 14'^”). Net weight 3.85kg (8 Vi lbs.) 

ACCESSORY SUPPLIED: Model 1506 Low Thermal Input Cable 
ACCESSORIES AVAILABLE; 

Model 1019 Rack Mounting Kit 

Model 1483 Low Thermal Connection Kit 

Model 1484 Refill Kit for 1483 Kit 

Model 1485 Female Low Thermal Input Connector 

Model 1486 Male Low Thermal Input Connector 

Model 1488 Low Thermal Shorting Plug 

Model 1503 Low Thermal Solder and Flux 

Model 1506 Low Thermal Input Cable (4 ft , Clips) 

Model 1507 Low Thermal Input Cable (4 ft., Lugs) 

Model 1815 Maintenance Kit 
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GENERAL INFORMATION 



MODEL 181 



NOTES 



1. NMRR specilications applies for input signals less than 
120mV peak-to-peak on the 2nnV and 20mV range, 1.2V 
peak to peak on the 200mV range and less than 2X full 
scale peak-to-peak on all other ranges. This is necessary in 
order to prevent A/D saturation. 

2 ACCURACY SPECIFICATION 

The accuracy specifications are defined exclusive of noise. 



3 ZEROING 

The term "when properly zeroed" means rezeroing during 
warmup {first 4 hours) and after ambient changes in 
temperature of greater than 1°C. 
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FIGURE 1-1. Front Panel 




FIGURE 1-2. Rear Panel 









MODEL 181 



ACCESSORIES 



Section 2. Accessories 



2-1. GENERAL 

This section describes the various accessories and options 
available for use with the Model 181. 

2-2, Model 1483 Low-Thermal Connection Kit. The Model 
1483 Kit contains a crimp tool, shielded cable, an assortment 
of copper lugs, copper wire, cadmium solder and nylon bolts 
and nuts. It is a complete kit lor making very low thermal 
measuring circuits. The kit enables ttio user of tfie Model 181 
to maintain the high thermal stability of the nanovolimoiei in 
his own application. 

il J 

Figure 2 1. Model 1483 




2-7. Model 1503 Low-Thermal Solder and Flux. M i- ^ • 

consists of flux and 4 ounces of (ortncum soldi s n i-- i, : 
solder connections for low volla(|t; 'TKViSvircnu'r t:. 





2-3. Model 1484 Refill Kit. The Model 1484 Relill Kit contains 
replacement parts for the 1483 Kit It contains copper lugs, 
cleaning pods, splice tubes, alligator clips, 10-foot shielded 
cable, a spool of copper wire, nylon screws and nuts and 10 
feet of cadmium solder 

2-4. Model 1485 Female Connector. The Model 1485 Low 
Thermal connector is to be used with the Model 1481, 1482 or 
the 1486 for constructing low-thermal, shielded connections 
to the low voltage circuits. 




2-5. Model 1486 Male Connector. The Model 1486 Low 
Thermal Connector is a mating connector for tfie Mode! 1485 
The Model 1486 contains gold plated lollurium copper pins 
This connector Is specially manufactured t)y Keitliley 
Instruments. It can be used to construct a custom length low- 
thermal cable to connect the 181 to Itio partir;ular 
measurement set up. 

■ I 

c^'i.1 



Figure 2-3. Model 1486 

2-6. Model 1488 Shorting Plug. The Model 1488 is u.seful for 
checking proper operation and for calibrating the Model 181. 
Its electrical and thermal construction minimizes errors caused 
by thermal EMFs. The Model 1488 is very useful for checking 
tfie Model 181's offset and drift. 








1 ) 






2-8. Model 1506 Input Cable. The Model 15C6 .s a tnaxia 
1 2M (4 ft.) cable designed to provide excellent stiieldirif) for 
the sensitive input connections to the Model 181 It has a low 
thermal connector and two copper alligator clips One Model 
1506 is supplied with every 181 




Figure 2-6. Model 1506 



2-9. Model 1507 Input Cable. T fm Modes 1*x')7 r. a y .,. 

1.2M (-1 ft.) cablr; It is similar to t?n‘ Mndoi t-.i’ 

terminated witfi copper spaefe lugs 




ACCESSORIES 



MODEL 181 



2-10. Model 1815 Maintenance Kit. The Model 1815 is n 
Model 181 Maintenance Kit that consist of a Calibration Cover 
and two Extender Cables. Tfie Calibration Cover is necessary 
to stabilize internal temperature when calibrating the Model 
181. It also can be used to locate adjustments quickly and 
easily. The two extender cables permit easy access to the 
individual PC boards contained in tf^e Model 181. 




Figure 2-8. Model 1815 



2-11. Model 1019 Universal Rack Mount Kit. The Model 
1019 is a single/dual rack mounting kit for the Model 181. The 
overall dimensions are 514 inches (133mm) high and 19 incfies 
(483mm) wide, 




2-2 





MODEL 181 



PERFORMANCE VERIFICATION 



Section 3. Performance Verification 



3-1. GENERAL 

Performance verification may be done upon receipt of the 
instrument to ensure that no damage or misadjustment has 
occurred during transit. Verification can also be performed 
whenever there is question of the instrument's accuracy, and 
following calibration, if so desired 

NOTE 

For instruments that are still under warranty (loss 
than 12 months since date of shipment), contact 
your Keithley representative or the factory 
immediately if the instrument falls outside of 
specifications as determined by the Performance 
Verification in paragraph 3-6. 

3*2. Recommended Test Equipment 

Recommended test equipment for performance verification is 
listed in Table 3-1. Alternate test equipment can be used. 
However, if the accuracy of the alternate test equipment is not 
at least three times better than the instrument specifications, 
additional allowances must be made in the readings obtained. 



TABLE 3 1 

RECOMMENDED TEST EQUIPMENT FOB 
PERFORMANCE VERIFICATION 



Itom 


Oeacription 


Specifications 


Mfr. 


Model 


A 


DC Calibrator 


001%. lOopm 


Fluke 


332D 


B 


Kelvin VcH lev 
Divider 


t 0 Ipprn 


Fluke 


;?0A 


C 


Low Thermal Cable 


1 ow Theirri.al TMts 


Keiihlev 





3-3. Environmental Conditions 

All measurements should be made at an ambient temperature 
within the range of 18”C to 28“C (65°F to 82"F), and a relative 
humidity of less than 80%. 

3-4. Performance Verification Procedure 

Use the following procedure to verify the basic accuracy of the 
Model 181 for DC voltage. If the instrument is out of 
specification at any point, perform a complete calibration as 
described m the calibration section unless the instrument is 
still under warranty, as noted above. 

CAUTION 

The performance verification and all service infor- 
mation is intended for qualified personnel using 
accurate and reliable test equipment, 

WARNING 

Some procedures require the use of high voltage. 

Take care to prevent contact with live circuits 
which could cause electrical shock resulting in 
injury or death. 

3-5. Initial Conditions 

Before beginning the verification procedure, the instrument 
must meet the following conditions: 

If the instrument has been subjected to extremes 
of temperature, allow sufficient tinie for internal 
temperatures to reach environmental conditions 



specilied Typically, it lakes one tinur to si,ih=li/e- e 
unit that IS 10“C il8"F) oiil <if ttie sue(.:dieu 
temper a lure range It takes apprcjxirnatt‘8 fou' 
fiOurs warm up for optimum ()n!t oerformaece 

3-6. DC Voltage Accuracy Check (2V to 1000V Range) 
CAUTION 

Do not exceed maximum allowable input volt 
age. Instrument damage may occur MaxirTuim 
allowable input is stated in the specifications 

A, Dial the DC calibrator to 0000000 and connect it lo ttie Iac. 
five-way binding posts on the Front Panel of ttsc 18' 

B. Select the appropriate range as given lO Table 3 2 Seiet t 
the range manually by pressing the appropriate frori pane 
button or select the range automatically tiy issuing rnt' 
appropriate command over ttie bus 

C- Zero the 181 by pressing the ZERO button on the Front 
Panel or by issuing the appropriate command over the bus 

D. Set the calibrator to the value given m Table 3 2 Seiei.t 
each range and apply itie f(;quired voltarje as speofir-d '' 
table 3 2 Verify Itial tfu; displayrtd reading is vvittur- v t 
Allowable Reading Note ttu; reartmgs oin.imec! o' f ai. ’ 
range 

E. Set the DC calibrator to 0000000 

F Reverse the input leads 

G Zero the 181 by pressing the ZLRO button on itie f ror t 
Panel or by issuing the appropriate command over the buS 

H. Repeat Step D. Verify that the displayed readirig is tr-e 
same as in Step D -t 3 digits 

'□ncnncc 3320 




Figure 3-1. DCV Performance Check 



TABLE 3-2 

DC VOLTAGE PERFORMANCE CHECK 

(2V to 1000V) 



Range 


Applied Voltage 


Allowable Reading 
at 18‘^C to 28°C 


2V 


1.90000V 


1.89985 to 1.90015 


20V 


19.0000V 


18.9979 to 19.0021 


200V 


190.000V 


189.979 to 190.021 


lOOOV 


1000V 


999.84 to 999.16 



3-7. DC Voitage Accuracy Check (2mV to 200mV) 
CAUTION 



Do not exceed maximum allowable input volt 
age-instrument damage may occur MaximurTi 
allowable input is slated in the specifications 
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A. Obtain o low thermal cable and divider box as described in 
Section 5. 

B. Connect the low thermal cable between the 181 and the 
divider box. 

C. Connect the DC calibrator as shown In Figure 3-2A. For the 
2mV and 20mV ranges. Allow a low minutes for thermal 
FMF's to settle out. Use Figure 3-3B for the 200mV range. 

D. Set the DC calibrator for 0000000 output 

E. Select the appropriate range as given in Table 3-3. Select 
the range manually by pressing the appropriate Front Panel 
button or select the range automatically by Issuing the ap- 
propriate command over the bus. 

E. Zero the 181 by pressing the ZERO button on the Front 
Panel or by issuing the appropriate command over the bus, 

G Apply the required voltage as specified in Table 3-3. Verify 
that the displayed reading is within specifications. Note the 
reading. 

H. Repeat steps D through G on the remaining mV ranges, 

I. Reverse the polarity of the sourcre and set it to 0000000 out- 
put. 

Rezero the 181 by pressing the ZERO button twice. 

K. Apply the input as in step G. Verify the displayed reading 
(with opposite polarity) is the same as in step G +3 digits 



] Divider L J 






OO i 



Model 181 332D 



Figure 3-2A 2mV and 20mV Performance Check 




TABLE 3-3 

DC VOLTAGE PERFORMANCE CHECK 



1 

Range 


Applied Voltage 


Allowable Reading 
at 18°C to 28'’ C 


2mV 

20mV 

200mV 


1 .90000mV 
19.0000mV 
190. 000m V 


1.89967 to 1.90033 
18.9970 to 19.0030 
189.970 to 190.030 



3-8. HI RESOLUTION Check 

Upon power up, the 181 will be in the 6M- digit mode of reso- 
lution (BO). To ch(K;k the HI RES function proceed as follows: 

A. Short the volts LO and HI together. Press the ZERO button 
on tfie Front Panel. This will obtain a stored baseline. 

B. Apply the signal and the displayed reading will equal the 
difference between the stored baseline and the input 
signal. 

C Press the ZERO button again and tfie reading that will be 
displayed is rough. Rough data is (Jifferont from tfie reading 
obtained in Step B because rougfi data will include the 
signal and various offsets. When offsets equal the stored 
baseline, the two readings will be the same. By seeing a dif- 
lerenco between rough data and Step B, tfiis will confirm 
tfiat the ZERO function is operating properly, 

3-9. DAMPING Function Check 

Upon power up, the DAMPING function is off (DO). To check 
to see tfiat the DAMPING function is operating properly, use 
the (ollowing procedure: 

A. Select 2V range. 

B. From a zero reading apply a Full Scale signal and observe 
the settling time, 

C. Press tfie DAMPING button to turn ttie function on. From 
a zero reading apply a Full Scale signal and observe tfie 
settling time, 

D. The settling lime will be longer with DAMPING on. This 
difference will reveal that the DAMPING function is 
operating properly 

3-10. FILTER Function Check 

Upon Power up the Filter function is disabled (PI). To check to 
see that the FILTER is operating properly use the following 
procedure: 

A. Select 2V range, 

B, Press the DAMPING button and then from a zero reading 
apply a Full Scale signal Observe tho settling time. 

C With DAMPING on press the FILTER button. From a zero 
reading apply a Full Scale signal. Observe the settling time. 
D. Tfie settling time will be longer with tho FILTER enabled 
This difference reveals tfiat the FILTER is operating 
properly. This procedure will only work when DAMPING is 
on. 

3-11. NOISE Check 

Noise IS defined (on lowest range) as peak-to-peak excursion 
over a period of two minutes, tested after warmup while the 
input is shorted with the Model 1488. 
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PERFORMANCE VERIFICATION 



Procedure for checking noise; 

A. Short the mV Input with a Model 1488 Low Thermal Short 

B. Select the 2mV range. 

C. Turn on HI RES so that 6V2 digits are displayed. 



D. Depress Filler button 

F. Depress ZERO button Obsr.-rvt; itie niritiest and lovvr-s 
readings for a period ol 2 maiutes f difterra-'car . 
be less than 30 counts (30nV p [)) 



3-3/ 3-4 
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Section 4. Theory of Operation 



4-1. GENERAL 

This section contains in-depth discussions of the major circuit 
blocks, which are listed below; 

A. Power Supply (included on Motherboard! PC-531, page 
6-27. 

B . IEEE Standard Interface (included on Motherboard) 
PC 531, page 6-27 

C . Digital Section (included on Motherborad) PC-531, page 
6-27. 

D .Display (Display Board) PC-530, page 6 25, 

E . D/A Converter (Motherboard) PC-531, page 6-27. 

F , Nanovolt Preamp (Nanovoll Preamp Board) PC-526, page 
6-21 

G A/D Converter (Analog Board) PC-529, page 6-23. 

There are several figures and tables provided with each major 
circuit block that will aid in their explanation. 



4-2. Power Supply 

While studying the theory of operation for the Power Supply, 
it will be helpful to refer to the Schematic Diagram 30583D, 
Sheet 1 of 2. 

4-3. The AC power is brought into the 181 by a recessed line 
plug J1011. Fuse F101 and line plug J1011 are located on the 
rear panel Switch S101 is the main power switch and it is 
located on the Front Panel. Switch S102 is the 115V to 230V 
configuration switch and is located internally. 

4-4 The regulated portion of the 181 power supply is sec- 
tioned into six different supplies. There are three supplies 
(-I-15V, -15V, -t-5V) for the analog section of the 181. The 
other three supplies ( -i- 15V, -15V, +5V) are for the digital sec- 
tion of the 181 . 

The key to the Analog/Digital isolation is the split bobbin 
transformer T101. The digital supply winding, along with the 
primary windings, are at the bottom half of the bobbin, and 
the analog supply windings are located at the top of the 
bobbin. 

4-5. The six supplies operate from four separate windings of 
transformer T101. The four windings are fed into four full 
wave bridge rectifiers: Two rectifiers for the analog section 
CR105 and CR106 and two rectifiers for the digital section 
CR104 and CR107. Capacitors C128, C123, and C127 bypass 
regulators U128 (5V), U129 (-f 15V) and U130 (-15V) respec- 
tively. These are the analog supplies. 

Capacitors C134 and C135 filter the input voltage to U136 and 
U137 respectively. Capacitors C132 and C133 bypass 
regulators U136 and U137 respectively. Capacitor C130 filters 
the output of CR104. Regulator U135 receives its input from 
the regulated output of U136. Q103 and Q105 are configured 
as a high current gain voltage regulator. Q104 completes the 
unity gain loop by compensating the Vbe drop of Q103. CR101 
provides short circuit limiting to the circuit. 

4-6. IEEE Standard Interface 

While studying the theory of operation of the IEEE Standard 
Interface, it will be helpful to refer to the Schematic Diagram 
30583, sheet 1 of 2. 



The entire IEEE Interface circuitry is lor:atod on rr,oliie! 
board The Standard Bus Conriectoi is located on tfu* rear 
panel Ttto primary address swilcftes an; located nej^t to tnc^ 
Bus Connector The primaiy addro.ss .switches not or^lv selr;( t 
the primary address, but they also permit selection of 31 
primary talker/hstener address pairs Binary 11111 is reserved 
for Untalk and Untiston commands To address the 181. tr-.e 
IEEE-488 controller must send the primary address ol tfir? 181 



NOTE 

The primary address is updated only upon power up 



In reference to the Schematic Diagram 30583D. it is clear that 
U131 IS the heart of the IEEE chip which is capable of rrertiKri^ 
ing all IEEE Talk/Listen protocols The data lines an* [>0 
through D7 The tri-state IEEE Bus buffers U133ar=d UlT^I are 
used to drive the output The data is buffered by U13l^ and 
U134, and is transmitted to ttie Bus by connector J1006 Tne 
thick film resistor network R131 provides the necessary puli lip 
resistors tor the primary address switcti bank S103 Tfie pro 
cessor reads these switches and then knows which Talker and 
Listener address to assign the 68488 chip and thus the 181 
This section is accessed with ASE This signal is derived from 
the 68488 chip and enables the tn-state buffer U132. placing 
the address on the data bus (DO D5) 

4-7. Digital Section 

During the theory of opei.it ion of the digital section, d w ii he 
The digital section of the 181 has a power on reset circuit 
which resets processor U109, the versatile interface adapter 
VIA (U110) and the IEEE chip U131 upon power up to insure 
proper system operation. The Reset line provides a 20 milhsec 
ond pulse upon power up to get the dynamic buffers and clock 
of the processor running properly The Reset circuit consists 
of U105, U106. R103, R134, C103, and C105 There are two .n 
puts to this circuit: the 2 4kHz clock and the Latch Fnabu; 

2 4kHz clock is counted by U105. and Latch Enable is used to 
clear U105. Refer to Figure 4-1 In normal operation, later' 
Enable pulses tow for 1 microsecond every 833 microseconds 
( 1 2kHz rate). The display multiplexing is the same rate as ttus 
The voltage on capacitor C105 rises exponentially while Latch 
Enable is LO, A clear pulse is applied to U105, and the CLEAR 
line to the microprocessor remains HI when Latcli Enable 
returns to HI and while the voltage on C105 is above the 
threshold of NAND gate U106B Therefore, normally U105ac 
cumulates a few counts and is cleared A transient can mask 
the Latch Enable pulses, or a lost program can prevent their 
appearance at all. If not. Latch Enable pulses occur for 53 3 
milliseconds. 128 counts will be allowed to accumulate m u 105 
and its output will go HI 1 fie U105 output is mvoned t>, 
U106D and resets the microprocessor <ind the VIA Trie Reset 
line IS field LO for 53 3 milliseconds, wtiicfi is greater thaf! tti(> 
required minimum (20 milliseconds) This assuuis proper 
reset 
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R103 and C138 make up a delay circuit Vha\ provides a rose! 
(i( 5 lay of 3 milliseconds which permits the reset circuit to 
ignore any transient which does not affect ifie microprocessor 
or program execution. 



. . f* ■ ■ -H Transient 

Latch Enable h-" 1//S ^ 

LT^* U L_ 



Vc 









Cj:5 a. 



Reset 




106ms 



FIGURE 4-1. Latch Enable 




4-8. Microcomputer Memory 

The microcomputer utilized in the 181 uses partial memory 
decoding. The address lines A 1 1, A1 2, A 14 and A15 determine 
whet I ter the EPROMS 1U102 atul U103K VIA lUllOUEEF 488 
(U131), HAM (U108) or switch port is selected for use. Direct 
rnerTurry addressing can be utilized because the 6810 (U108) 
and 6802 (U109) RAM are located irt the lower 266 bytes. 
When A12, A14, and A15 are a logic "I” and the EPROMS are 
selected. All determines which of the two EPROMS is 
enabled The lower 2E bytes of program memory are con- 
tained in EPROM U103; the upper 2k bytes of program 
memory are located in EPROM U102. The program contained 
in these two chips is actually located in DOOO-DFFF. However, 
it also appears to the microprocessor at FOOO-FFFF because of 
the partial memory decoding mentioned earlier. This permits 
the Vectors to be decoded at FFF7 to FFFF. 



TABLE 4-1 

MICROCOMPUTER MEMORY MAP 



30583D, Sheet 2 of 2 and 30585D. The digital control circuits 
of the 181 A/D are located on Schematic 30583D, Sheet 2 of 2 
while the circuits that they control are located on Schematic 
30585D. 

The conversion from analog data to digital data begins with 
the integration cycle. Refer to Figures 4-3 and 4-4. An inte- 
gration cycle begins with the appropriate signals to the input 
amplifier and preamplifier enabled by one or more of the SI 
thru S12 lines going to a logic "1”. The charge balance line will 
go to a logic "1" after the microprocessor waits for the input 
to settle. The "D" input of U122A also goes to a logic "1" and 
is gated to U123B through U127B. This clears the 16 bit 
counter U123B. The Q output of U122A will enable the input 
signal to the integrator on the next rising edge of the 2.5kHz 
clock. The microprocessor waits 16.66 milliseconds (the inte- 
gration period for 60Hz, 20.00 milliseconds for 50Hz) then the 
charge balance start line goes to logic "0". At the next rising 
edge of the clock, the Q output goes to a logic "1" again. This 
will disable the input to the integrator and ends the exact 16.66 
millisecond integration period. 



Charge Balance Flip-Flop 



Shift Register 0 








2.5kHz 


5 


Q 


Input Disable 







Single Slope 
Start/ Stop 



3.84MHz 



Single Slope 
Flip-Flop 



II 

ck ^ 



Single Slope 
Begin 



Single Slope 
Enable 



Comparator 



Input Disable 

Single Slope 
Begin 



16.66ms 



n 



Hex Address 


Contents 


FFFF 


FFFF 


Restart Vector 


FFFC 


FFFD 


NMI Vector (not used) 


FETA 


FFFB 


Software Interrupt Vector 


FFF8 


n-F9 


IRQ Vector 


DOOO 


DFF7 


Program Memory 


C800 




Switch Port 


8000 ■ 


800/ 


IEFF-488 


4000 


400F 


VIA 


0080 


OOFF 


6810 RA(Vl 


0000 


00/F 


6802 RAM 



4-9. A/D Converter Control 

During the theory ol operation of the A/D converter control, it 
will bo most holf)1ul to refer to the Scfrematic Diagrams 



FIGURE 4 2. A/D Control Logic 

While the integration period is taking place, pulses from the 
V-F are inputted into The 16-bit counter U123B. When the 
counter overflows after 16 counts, dock pulses are generated 
which the VIA counts in an internal counter. These clock 
pulses become the most significant bits of the result. 

24-Bit Result 

8 Bits - These bits are generated by clock pulses 
during the Charge Balance phase, 

4 Bits - This is the remainder left on the 16-bit 
counter during the CB phase. 

8 Bits - These counts are accumulated in the 
16 bit counter during the single slope phase. 

4 Bits - This is the remainder left on the 16-bit 
counter during the single slope phase. 



4-2 







MODEL 181 



THEORY OF OPERATION 



2.5kHz 

— i( 



1 ^ ^ r 



Charge 

Balance 



Start/ Stop 



16.66ms 



Input Disable I ,, 


— 


I ' 

t 

Clear 

Counter | L. 


Strobe . . i fl 




U ^ " 

1 

Integrator | 

Waveform . / 


Remainder Strobe Pulses 





Figure 4-3. Charge Balance Timing 



At the end of a charge balance phase, 4 bits of data are left on 
the 16-bit counter. This data is obtained by sotting the 
remainder line to "1 " and strobing the counter and waiting for 
the counter to overflow. The number left on the counter is 
equal to 16 minus the number of strobe pulses This data now 
becomes the next 4 bits of the 24-blt result. 

The single slope phase begins with the Single Slope Start line 
setting the "D” input of U122B to "1". On the next rising edge 
of the 3.84MHz clock it is now inputted to the 74LS393 where 
it is counted, similar to the charge balance phase The single 
slope phase ends when the comparator goes to ”0'' and gates 
off the 3.84MHz clock from the counter. The remainder left on 
the counter is again read as in the charge balance phase. This 
result is added to the charge balance counts to generate the 
24-bit result. 



3.84MH? 




imm 



Remainder 

FIGURE 4-4. Single Slope Timing 



4-10. A/D OPERATION 

The A/D operates in two phases, first the cfiarge balance 
phase (C8), and the single slope phase (SSl Figurr; 4 5 srrows 
Charge Balance Phase: A CB phasr; is star ted at i 0 
Ihe input disable is released, connectiiuj i. to the I'stt-qrati'- 
and Vo ramps positive The D flip flop acts as a comp.jfati.'r 
and provides timing and control After Vo exc eeds h [) 
threshold of U301A. Q1 c)oes frigf^ at a pos!tiv<‘ . 

edge 

At the next dock edge (negative going), Qir goes higti aoct 
connects IcB to the integrator Ice is greater itian 2*i 
maximum so that Vo immediately rarops negative Q.’ rs u.w at 
this time whicfr set and Itolds Qi low At the next netjative 
going clock edge (f cycle later) Q? goes low agaa , UjroifKj rar 

I CB add enabling Di What has trappened is h-<P i. a was 
turned on for one clock cycle (2 microseconds) arul tfien was 
turned off The earliest it can turn on again is one clock rycie 
later. Each time Icb is turned on, the counter is incremented t), 
Q2. The input is disabled after precisely 16 67 milliseconds In 
this time interval there were 8000 480kH/ dock cycles ar’iO if'it; 
maximum number of times Qz could go tiigh and be countfs! 
was 4000 This concludes the Cf large Balance Pfiase 
4-11 Single Slope Phase 

At the end of ttie Charge Balance Pfiase. trie outpi.’ -.d ’e.. ... 
tegrator is resting at some positive voltatje ! fir-^ tiie Si' ; e 
Slope Enable line is energized Tfns causrrs I . to flow t' 
integrator. The single slope comiiaratof output e, also gos t se 
and It will not switcfi until the integrator output crosses zeo: 
A 3.84MHz dock is counted trorTi when Itie Single Sln()e 
Enable is energized until the Single Slope Comparator 
changes state (Vo crosses zero) When this occurs, Smgi(= 
Slope Enable is shut off and the counting process is stopoecJ 
Because of the ratios of Iro/lss and the dock ratios, orie 
charge balance count is weighted as 1024 single s!o|je f cuoits 
This gives a composite count of 4 096 nutlion 
4-12 Seriai/Parallel Conversion, Isolator Control 
One of the many functions of Itie VIA is to ir.inster (J.itu 
the digital side to the analog side of the o()ticat isoiato.'-, vV •> 
the strobe line (PB7) HI, a data transfer st<uts One ‘ 

data IS stored in the serial register (SR) of the V'lA a.ng 
automatically clocked ttirougli tfie optical isolators using ttm 
clock (CB1) and data (CB2) lines of tfie serial port Another 
eight bits of data are sent in a sin'iilar fashion [he strotx- line 
(PB7) is brougfit LO then HI again to Iritcfi the dat.i irito Die 
output of these registers 

4-13 Clock Circuit 

The 3 84MHz clock is a Pierce oscillator usmg Q101 as the gam 
element and a 3.84MHz crystal Y101 as the feedback element 
L101 and Cl 19 act as a parallel resonant load R 124, R 125, and 
C122 provide appropriate level-shifting compatible with the 
TTL input of U127C. The output of U127C provides a buffered 
TTL compatible 3.84MHz clock with U123A which runs trie 
charge balance circuitry within the A/D The 2 4kHz clock is 
obtained by further dividing the 3 84MHz dock with U123A 
and U125. This clock is used to provide an exact 16 66 milhsec 
ond or 20 millisecond window, and provides the interrupts (or 
the microprocessor and the reference liming for tfie Reset and 
Transient Recovery circuit 
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4-14 Display 

During the theory of operation of the Display, it will be helpful 
to refer to the Schematic Diagran") 30584D. 

The display information is outputted on PAO through PA7 on 
the VIA (I/O) bus. The information is updated at a 1 ,2kHz rate 
which means each digit is on for 833 microseconds. Each up- 
date begins by presenting new segment information on the 
VIA (I/O) bus (PAO - PA7) and outputting a clock pulse on 
CA2. The clock pulse goes to U203, which is a shift register on 
the display board. U203 shifts a digit enable bit to the next 
digit to be errabled. Every eight times the display is updated, a 
digit enable bit is generated at PB5 and goes to the enable data 
input of the shift register. 

V201 C, V202B and V202C drive the rows of the switch matrix. 
The switches are arranged in a 4 by 4 matrix, eleven of which 
are used. The columns of the switch matrix go to Bits 0-3 of 
the switch port. 

Tfte switch port is located on the motherboard in Schematic 
30583D, Sheet 2 of 2, Section E5. The segment drivers are 
Q201 Q208. In addition to driving the various segments, they 
also activate the appropriate L ED's. 

4-15. D/A Converter 

The heart of the D/A section is U117, shown on Schematic 
30583D, Sheet 1 of 2. It is a standard 12-bit D/A converter. 
Data for the D/A is multiplexed with the display data and is 
latched into U116. This data is converted into an output cur- 
rent. U118 IS configured as a current-to-voltage converter. 
Capacitor Cl 10 compensates for output capacitance of U 117. 
The output voltage from U118 swings from OV to -10V, since 
output current flows through RE which is internal to U117 
(AD7541), All bits off yields OV output at U118; all bits ON 
yields -10V output at U118. 



VR102 is configured as a reference for the D/A circuit. R107, 
R108, R109 and U119B scale the reference to i 10V. R107 
provides an adjustment range on the rlOV reference which 
calibrates positive Eull Scale. An offset for U119A is provided 
by R111, R112, R106 and VR102, This offset plus R113 and 
R114 provide the scaling which translates the OV to - 10V 
swing (output of U 118) to the desired - 2 to + 2V swing. R 106 
calibrates negative full scale by altering the offset voltage on 
U119A. 

Capacitor C137 filters the output and prevents it from appear 
ing like a staircase waveform. VR103, VR104 and R130 are 
configured as protection in case the analog output terminals 
should be momentarily shorted together or tied to greater than 
±30V, 

4-16. Nanovolt Preamp 

During the theory of operation of the Nanovoll preamp, it will 
be helpful to refer to the Schematic Diagram 30856D 

4-17. Low Noise Design 

One of the major reasons for utilizing a differential input stage 
is the Supply Noise Rejection. Without proper matching, 
power supply noise would have to bo on a submicrovolt level 
which would be impossible at low freguencies. Both bias cur 
rent noise and voltage noise are the major components of 
Supply Noise. In order to minimize voltage noise, a pair of low 
noise bipolar supplies are generated on the Nanovolt Preamp 
board using U405 and its associated components. VR403 and 
VR404 serve as references (6.2 volts) and R421, R422and R413 
scale the output voltages ( + VR) to the desired + 10 volt level. 
By providing the attenuation above 0.3Hz, C412 and C413 pre 
vent amplification of U405's input voltage noise, U404A 
bootstraps these supplies to improve amplifier linearity. The 
noise contribution from reference zeners VR403 and VR404 is 



4-4 














FIGURE 4 6. Simplified Nanovolt Proamp Schematic 
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negligible. The bootstrap supply is decoupled from the input 
via C414, C415, R425and R426. Rejection from the + 15V sup- 
plies is critical as well. Therefore, current regulators CR406 
and CR407 are a necessity {Rp> 1M ohm) since Rs of VR403 
and VR404 is approximately 100 ohms. 

The key to maintaining low current noise in the drain circuit of 
0413 IS the selection of a low noise, high gain device for Q414 
and maintaining low emitter and base impedances over the 
bandwidth. R431 , R432 and R433 provide bias for Q414 and 
are referenced to + VR for low noise contribution 

Noise contribution from the second stage depends upon drain 
loads of Q413, gam of the first stage and input noise of the second 
stage. 0412 is a precisely matched low noise amplifier Iran 
sistor pair which act as the second stage for the 181 preamp. 
In addition to low noise, this transistor pair (0412) is required 
because of its high CMRR performance. 

4-18. Linearity and Gain 

In a differential DC amplifier, nonlinearities in the input stage 
provide the limitation to gam linearity under the closed loop 
condition. In fact, no amount of loop gain can cancel these 
nonlinearities. The input FETS are square law devices which 
means the output current varies as the square of the VqS- In 
order to cancel this nonlinearity, a second FET is used as a 
load to the lirst FET (differential pair). The degree of linearity 
depends upon the matching between the two devices. 

The total amplifier loop gain must be kept high so that closed 
loop gain is independent of open loop gain. This eliminates 
problems with gain drifts due to time/ temperature variations 
inside the loop. To maintain stable closed loop gains of 1000 
(2mV range), 100 (20mV range) and 10 (200mV range) ap- 
propriate film or wirewound resistors are chosen as feedback 
elements. Refer to Table 4 2. 

TABLE 4-2 
GAIN RESISTORS 



Range 


Gain Resistors 


Gain 


Adjustment 


2mV 


R409, R414, R435 


1000 


R409 


20rnV 


R410, R415, R435 


100 


R410 


200mV 


R411, R416, R434 


10 


R411 



7ho 20mV adjustment depends slightly on 2mV gain. Thus, 
2mV gam should be adjusted before the 20mV adjustment is 
completed The 200mV adjustment is independent of all 
others. FET 0418 selects the 2 mV and 20mV legs. FET Q417 
selects 20mV leg. Relay K401 selects 20m V . 

4-19. Feedback Elements 

Thermal drifts in the input amplifier are relatively unimportant 
since they are autozeroed out. Slowly varying drift com- 
ponents (such as solder joints, reed relay contacts) are of little 
significance. Therefore, no special low-thermal terminals are 
necessary in the feedback loop. 

However, for the nanovolt ranges (2mV, 20mV), it is 
necessary to use wirewound resistors wherever low voltage 
signals are present. This is why R435 is a wirewound element, 
whereas R434, R409-R416 are film resistors. Film resistors 
display much higher voltage noise whereas wirewounds are 
available whose noise approaches theoretical limits. R435 is 
selected as 200 ohms since the Johnson noise of this value is 
negligible compared to amplifier noise. 



4-20. Offset Null 

The input FET match provides 25mV differential offset voltage 
referred to the amplifier input. Since this differential is auto 
zeroed out by drift correction circuitry (which wilt be discussed 
later) and the A/D, it is only necessary to make sure the offset 
does not drive the amplifier output beyond its ± 12V operating 
range. 

The largest concern is the 2mV range, where the gain is equal 
to 1000- On this range it can be seen 25m V x 1000 - 25V, 
which is well beyond the possible range of the amplifier. 

Using i-Vr and a pair of film resistors (R423 and R424) an 
effective constant current null is provided. The ratio formed by 
R423 and R424 x 2Vr provides the voltage. This voltage is con- 
stant with respect to the gate of Q413A because of the 
bootstrap. R41 7 provides the current and is selected to provide 
1 25mV offset correction range. 

4-21. NMRR Filter and Buffer 

Additional NMRR is provided in the preamp using a three-pole 
cascaded filter. As can be seen from Figure 4-7, the three 
poles are provided by three RC networks 

By effectively switcfiing the filters in and out the following 
sequence of events occur 

When FET Q419 turns on, so does Q405, Q407 and Q409. The 
filters are now in the circuit and the input signal is now liltered 
and amplified. The filter settling time is equal to 200 
milliseconds. After the 200 millisecond interval the signal 
integration is done by the A/D. FET Q420 now turns on, and 
FETs Q419, Q405, Q407 and Q408 turn off. Since no filter is in 
while the amplifier looks at "zero,” settling time depends on 
amplifier speed and is 4 milliseconds. The zero is then in- 
tegrated by the A/D. 

The reason the filter must shut off is so the A/D can record 
amplifier zero right after if records signal By keeping the lime 
delay between signal and zero as small as possible, effective 
noise and drift are reduced to itie desired level. Concurrently, 
filtering of normal mode signals is accomplished only wfien 
needed, when looking at the signal. 

The first pole is formed by R416, C407 and Q409. The on 
resistance of Q409 maintains closed loop gain at all fre 
quencies greater than 10 which maintains amplifier stability. 
The second pole is formed by C406, R406 and Q407. It is buf- 
fered from the third pole by U401B. The third pole is formed by 
R401, C403 and Q405. All Ifiree poles have the same lime con 
stant of 10 milliseconds. U401 A buffers the output of the third 
pole. 

Buffers U401A and U401B are bootstrapped in a similar 
fashion to the input amplifier. VR401 and VR402 provide the 
+ 6.2V reference, and emitter followers Q401 and Q402 supply 
the current to U401, R407C and R407D bias the references. 
The effect of this bootstrap is to provide higher CMRR to 
U401, therefore improving linearity. 

The bootstrap circuit aads a pole in the frequency response of 
U401B, The dominant polo formed by R407A, R407B, C401 
and C402 maintains stability of the bootstrap circuit. Q403 and 
Q404 are low capacitance FETs used as diode clamps to the 
bootstrap circuit to prevent latch up resulting from driving 
inputs to U401B out of their common mode range during 
overload 
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4*22 Drift Correction 

The offset resistors R423 and R424 bring the amplifier tnto (he 
operating range. The offset can only be nulled to 2nn\/ referred 
to the input. At the output on X1000, 2V can be present. The 
A/D would be overloaded by +2.4V which means the 2V 
component must be offset to OV for OVm 
This offset correction is provided by C404, Q406 and low 
leakage buffer U401B, When Q420 is on and when the A/D is 
not looking at preamp zero (during the A/D zero cycle) Q406 
turns on and stores the offset voltage present on the DC 
amplifier output on C404. Then this capacitor holds this value 
during the next two conversions (.5 sec) until it is updated. 
This correction occurs two times a second. Leakage off this 
capacitor will yield offsets on the 200 millivolt range with input 
shorted. The major source of leakage is U401B and Q406. 
These two devices are selected for leakage to maintain less 
than 15 microvolts of drift over a conversion cycle of 50 
millisecond. This is the time it takes to do a full preamp 
signal/zero conversion, C405 prevents preamp slewing (bet 
ween signal and zero FET switching) from affecting the charge 
on C404. 

4*23 Input Protection 

CR402 and CR403 prevent input stage foldover which would 
severely drop input impedance during overload. This also 
prevents long recovery time caused by unbalancing power 
dissipation between Q413A and Q413B. Q410 and Q411 pre- 
vent the amplifier from getting lost during a range change or 
severe overload by clamping the summing junction at ± IV. 
CR404, CR405, R427 and R428 provide a ground referenced 
±0.7V threshold for the protection circuitry. High impedance 
( > 10* ohm) is not affected by the protection circuit for input 
voltages less than 1 volt because of low leakage FET pair Q415 
and Q416. However, for inputs greater than 1 volt, the input 
voltage is clamped and current limit is provided through R436. 



4*24 Input Mux Pumpout 

Input Mux spikes caused by gate to ctiannel caijaalanre of 
ttie input mux FETs (Q419 and Q420) are aneruiaicr! t:% 
applying an approximately equal but opposite polaniy s[)im' 
C416, R403, R404, R412, and Q408 ()rovide this spaot canf.r i 
lation C417 acts to filter the higii frequencv comp^inrs'Us 
tfie pumpout R412 allows adjustment to Ir^ss than 2 mii^ivo ts 
p - p across C417 with a 10 meg shunt across the input 

4-25 FET Multiplexing 

Input and filter FET multiplexing is accomplished usiruj the 
open collector comparators U402 and U403 A 'eference for 
the comparators is provided by R407J and R407K along witlt 
the -(-5V supply. The N-channel FETS ernpInyerJ th>nunfiOii! 
the circuitry require a 5V to lOV Vgs ’o stmt rtuan (df and 
- 2V to IV to saturate tfiern (turn (hern on) In iiii cases tnt: 
gate drive is the same Turn off is provided by driving the gat«‘ 
to -15V Turn on is provided by driving the gate to tfie chanrii;' 
potential (drain/source voltage) Bootstrappinr) is pioviderj 
where needed to bring gate voltage up to channel voltarie 

4-26 Input Mux 

Special consideration is given to input multiplexing of Q419 
and Q420, which needs to be thermally stable in order to main- 
tain low drift. Low thermal drift is accomplisiied primarily 
through the use of PC board layout techniques and copper 
leaded FETs. An isothermal surface is created by placing the 
two FETs (Q419 and Q420) extremely close to each other The 
pads to which Q419 and Q420 are soldered are heat smked 
together with thermal compound, which is held in place with a 
specially molded retainer cup. Any temperature gradients af 
fecting one FET affects the other FET equally and they cancel 
Low thermal connection is made to these FEls ttirougti ttiin 
copper PC tapes The tapes must be thin so they can sufiport 
thermal gradients. The source of Q419 terminates at a large, 
bare copper pad to which protection resistor R436 (witf'i rmre 
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copper lugs) is bolted. The opposite end of R436 is bolted to e 
bare copper lug to whicfi the input cable Is fastened. The HI 
and ! 0 input iirtes are bare copper, cold welded joints. The 
sensitive input circuitry is covered (both sides of the board) 
with a relatively airtight compartment to eliminate theriTial gra 
dients caused by air current flow and to act as an electrostatic 
shield. 

4-27 A/D Converter 

While studying the A/D con voter theory of operation, it will hr; 
helpful to refer to tfie Sctuimatic Diagram 30585D (Analog 
Board PC-529). 

The 181 ctnalog board (PC 529) contains tfie A/D converter 
and high voltage signal conditioning circuitry. Q301, Q302, 
VH301. R301. R302 and R317 make up thcj input protection lor 
ttie A/D. C301 provides improved NMHR above 8OH7 and pro- 
trjcts K301 from V-Hz signals. On tfie 2V range, the signal is 
applied directly to the A/D through Q304. R313 is the input 
attenuator which acts as a precision 10 to 1, 100 to 1, and 1000 
to divider depr-rnding rtn range. Refer to fable 4 3. 

TABLE 4-3 

GAIN RESISTORS FOR VOLTS 



Range 


Ratio 


Adjustment 


20V 


10 to 1 


R315 


200V 


100 to 1 


R309 


1KV 


1000 to 1 


R310 



4-28 Timing 

When reading this section on timing, reference to Figures 4-8 
and 4-9 will be helpful. 

On the mV ranges, the sequence starts with S9 going high. 
This action turns on the signal mux FET Q419 and turns off 
Q420. A 200msec delay time is allowed because of the preamp 
NMRR filter. After 200msec, signal integration is performed by 
the microprocessor-controlled A/D converter, A few milli- 
seconds foust elapse after integration is finished before Q419 
can turn off and Q420 turn on. Once this zero FET is turned on 
(Q420), only 4msoc wait is necessary because the filter has 
also been switched off. The zero integration is then performe 
by the A/D. 

A few milliseconds alter |)reamp /err) is completed, oilhcrr S3 
or S4 is turned on. If after the (irevious pream() cycle S3 is 
turned on, S4 will turn on this lirnr; and vicxj versa. Alter 
4msec amplifier delay time (allowing U301 to settle), eitfier an 
A/D zero or an A/D cal integration will be performed. Once all 
four intrrgrations fiavc fxren obtained, the updated reading c:an 
b(! calculatrHl from: 



Each integration is performed over a one-line cycle; 16.66msec 
for 60Hz; 20.0msec for 50Hz. A total of four readings per sec- 
ond are obtained in this manner. 

Consicjrmnri the V langes thtr ser|uence is rrxactly the same 
oxce()l tliat (0306 IS off). Inslcrad, iftf; apf)io[)riate signal FTM’ is 
turned on deriending on lange. Refer to I able 4 4. 



Adjustment R314 trims the total resistance of R313and is set 
to center position unless R309, R310 or R315 ends up out (4 
range during calibration. W fieri this happens, adjusting R314 
brings the adjustment back in range. 



Input Mux 

Preamp Delay 








’ : 1 

sig Zero 


H 










200ms 


1 






^ 4ms 

ON |— I 

QPP S4 A/D Zero FET 





S8 Preamp "Out” 








OFF 


FET 











FIGURE 4-8. Preamp A/D Timing 
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ON 

OFF. 
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50msec i 









OFF Disable 

ON 



Dummy 

Integrate 



ON 



OFF 



ON 



16.66msec 
All ■■ 



4msec 



S3 



Ref FET 



OFF 



S4 



A/D Zero 
FET 



f ■ 4m50C 



FIGURE 4-9. V range A/D Timing 



TABLE 4-4 
MUX FETs 



Range 


S Line Mux 


FET 


Relay 


mV 


S8 


0306 


K301 ON (Not Muxed) 


2V 


S7 


0304 


K301 ON (Not Muxnd) 


20V 


SV 


0304 


K30? ON (Not Muxed) 


200V 


S6 


Q30B 




1000V 


Sb 


030/ 





Note that tho FFls are muxod boiwoot^ phases of 
measurements. 



4-29, Mux FETs 

The Mux drive to tho gales is the same as lor the Mirx FE 1 s ol 
tho Preamp. Q304-Q309 are low leakage devices which reruJire 
high gate resistance to prevent demodulation ol high frequen- 
cy noise which results in tens ol microvolts of ofiseis R333, 
R335. R342 and R343 are provided for this reason U30/ and 
U308 are open collector comparators that are used to drive the 
FETs. The reference for (he comparators are provided by 
R324J and R324K, 

U301 and its associated components provide a hootstrapped, 
unity gain input buffer. Q313 provides high current output 
capability 

Figure 4-10 is a block diagram of the A/D converter 




4-30. Transconductance Amplifier (GAMP) 

This amplifier performs two (unctions: 

A. The GAMP provides an offset current so that the bipolar in- 
put voltage supplied to it is converted to a unipolar output 
current. 

B. The GAMP converts the input voltage to a current which 
goes to the integrator when requested. 

Figure 4-11 shows how the circuit operates. The Iransconduc- 

tance amplifier provides excellent current linearity. 



V,n 

lolf IS madoj^ 

Hin 

Thus when Vm Vm niax, 
V,n - 0. Iin ■ loff 1/ero) 

Vin Vim max. lo - Icilf 



lo'Cs# 0 t[)Os full sralf-t 



V(ii 



2 



imuui', 



t 
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FIGURE 4- 10. Simplified A/D Diagram 
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4-31. Integrator 

The integrator has been designed to guard against the most 
common problems associated with high speed integrator 
operation. Active integrators have two major problems which 
limit their high speed performance: the crossover distortion 
and the gain bandwidth of the integrator amplifier. These ef- 
fects can be seen by looking at the integrator mode! in Figure 
4-12, When a voltage step appears at Vin, the amplifier will not 
respond immediately and C will initially be a short circuit. 
Then: 



e ^ eo — Vin 



Ro 

Ro 4- Rin 



as shown in the equation, the effect is that the wrong current 
will be applied to the capacitor until the amplifier recovers. It 
can also be seen that if a bipolar input amplifier was used lor 
the integrator, charge could be conducted away from the 

capacitor and cause significant errors. To guard against these 
problems, the 181 uses a bias resistor on the integrator output 
to - 15V to keep Ro small into the MHz region, and all inputs 
to the integrator are current sources. A FFT input op amp is 
used which allows a few volts to appear on the summing junc- 
tion with no loss in charge. 



C 




FIGURE 4-12. Integrator 



4-32 Reference Supply 

The reference supply is shown m Figure 4 13 The A/D was 
designed for low noise and linearity This means that accuracy 
and stability must t)e provided hy die .rcfnmncr; s .otriy 'r/.' 
heart of the reference supply circuit is a buried layer /ef;er 
diode with an on board heater TIk; is usr'il tjecause T 
Its stability, low noise, low dynamic resistaruc aruj ;ovv 
temperature coefficient gualities It is driven by a ( (insl.ie! ...j- 
rent (Jevoloped by U305 Sincr; thr; zcikm is well rr-guiati;tJ ! s 
immuned to power supply variations 

Super stable tracking resistors are used m itie mlrMcru *• (i;v i ji r 
to piovidr* a very stahirr 7 volt reference 



R328 



2V Output 



FIGURE 4-13. Reference Supply 
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Section 5. Maintenance 



5 1. GENERAL 

This section contains information necessary to maintain the 
Model 181. Adjustment/Calibration, troubleshooting and fuse 
replacement procedures are provided. Calibration should be 
performed yearly (every 12 months) or whenever 24 hour 
specifications are desired or whenever performance verifi- 
cation (see Section 3) indicates that the Model 181 is out of 
specifications. If any step in the calibration procedure cannot 
be performed properly, refer to the troubleshooting infor- 
mation in this section or contact your Keithley representative, 
or the factory, 

NOTE 

Because of special handling, expertise, and 
equipment that is required, it is strongly recom- 
mended that the 181 be sent back to the factory 
for service and/or calibration, 

WARNING 

All service information is intended for quali- 
fied electronic maintenance personnel only. 

5-2. Recommended Test Equipment 

Recommended test equipment for calibration is listed in Table 
5-1. Alternate test equipment may be used. However, the 
accuracy of the alternate test equipment must be at least three 
times better than the Model 181 specifications, or equal to 
Table 5-1 specifications. 

5-3. Voltage Divider 

The Voltage Divider (B) recommended is not readily available 
on the commercial market. The following information is pro- 
vided in order that this divider may be constructed. 



TABLE 5-2 

VOLTAGE DIVIDER PARTS LIST 



Keithley 
Part Number 


Description 


BP-11-0 


Black Binding Post 


BP n-1 


Red Binding Post 


Model 1485 


Low-Thermal Female Input Connector 


N/A 


lOOkQ. 01%. lOppm/'^C. Wutiwound 
Low Thermal Construction 


N/A 


lOOfl, ,01%, 10ppm/°C. Wirewound 
Low Thermal Construction 


Model 1483 


Low Thermal Construction Kit 



Refer to Figure 51 for recornrnenderf construction of tr.e 
Voltage Divider The connections on the Model 1485 I 
Thermal Female Connector) sfiould be dean betorr> tiemg 
crimped The connections on the tending posts should tjc 
clean and soldered with Cadmium solder The c.nmp con 
nectors and the Cadmium solder are provider) in Moctei 
1483 Low Thermal Conriection Kit Insulating foam is to t>e 
wrapped around t)ie resistors to impede air currents 
could cause thermal EMFs. Tlie connection frorr> ttie 1R1 tc 
tfie divider is made by a low thermal c<ible lercur atwi tc, 
1486s (Male Low Thermal Connectors) Ttns cabUf vviii jisc 
have to be constructed Refer to Figure 5 2 and 5 3 
T he following materials are reqmrrrd for ccic-str uction o» si.*'( i 
cables: 

A Model 1482 Low- Thermal lnj)ul Cattle 
B- Model 1486 Male Low Thermal Connector 
C. 2WA-29 Washer 
D 1 19166 Strain relief 



TABLE 5-1 

RECOMMENDED TEST EQUIPMENT 



Item 


Description 


Specifications 


Mfr. 


Model 


A 


DC Calibrator 


1.9V, 19V, 190V, 1000V 


Fluke 


332 D 






±.001% (lOppm) 






B 


Voltage Divider 


±.01% (lOppm) 






C 


Oscilloscope 


2mC/cm 


T ektronix 


7603 


D 


DMM 


,003% ± Id 


Racal Dana 


5900 


E 


Maintenance Kit 




Keithley 


1815 


F 


Kelvin Varley Divider 






720A 


G 


Low Thermal Input 




Keithley 


1481 




Cable 








H 


Low Noise 




Ithaco 


1201 




Preamplifier 
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Pin "A" crimps to center conductor ol the triax cable. 
Pm "B” crrrnps to the inner copper shield of the triax cable. 
The case connects to the outer shield of the triax cable. 



FIGURE 5-2. Connector Assembly 

To prepare a low noise triaxial cable for either direct con- 
nections to a source or for connector assembly the steps 

outlined below should bo followed. 

A. Gently cut through the outer insulation without 

cutting the outer shield. 

B, Using a sharp point, unravel the braided shield. 

C Twist the braid (outer shield) and thoroughly dean off 
traces of graphrte. 

D. Gently cut through the inner insulation without 

cutting the inner shield. 

E. Using a sharp point, unravel the braided shield, 

F. Twist the braid (inner shield) and thoroughly clean off all 
traces of graphite. 

G Cut the center conductor to the proper length and strip 
the insulation off of the center conductor. 

H. Refer to Figure 5-2 and crimp the center conductor to Pin 
A Crimp the inner shield to Pin B. Place the outer shield 
braid between the two washers and secure the back of 
the connector as shown. 




FIGURE 5-3. Male to Male Connector 



Refer to Figure 5 4 tor a complete picture of the Calibrator to 
Voltage Divider to 181 Connection. 




] (P(X> Connection Cable 




Model 181 



1000 to 1 Divider 



FIGURE 5-4. Divider Connection 
5-4. Environmental Conditions 

Calibration of ifie Model 181 should be performed under 
laboratory nondi lions having an ambient temperature of 23 “C 
+ V’C and a relative humidily of less than 60%. 



NOTE 

Cal I treat ion sliould ho per termed by qualified 
persormel using accurate cand reliable equipment. 

5-5. CALIBRATION PROCEDURE 

Perlorm the lollowtnrj procedurrjs and make the adjustments 
indicated to calibrate ttie Model 181. 

WARNING 

Some procedures require the use of high volt- 
age. Take care to prevent contact with live 
circuits which could cause electrical shock 
resulting in injury or death 



CAUTION 

Do not exceed maximum allowable input volt- 
age. Instrument damage may occur. Maximum 
allowable input is stated in the specitica lions. 

5-6. Installation of the Calibration Cover (30915C) 

The Calibration Cover is included in itie Model 1815 
maintenance kit. The calibration sfiould be performed ustrrg 
the calibration cover. The covet permits access to the Model 
181 adjustrnents while allowing the instrument to reach 
normal inicrnal operating temperature. Install the covrir as 
follow.s: 

1 . Remove the two roar panel screws that secure Itie top cover 
in place. 

2. Remove the lop cover by lilting firmly upward. 

3. Install the cal cover in place of the top cover. Install the two 
screws that secured the top cover in Stop 1. 

4. The instrument should stabilize for 4 fiours at the specified 
environmental conditions. 

5-7. A/D Calibration (2V Range) |T) 

1. Drrpress the power button. This turns the unit ON. With the 
cal cover installed ill low four hours warmup time. The four 
hour warmup time allows (he 181 to aeftieve optimum drift 
performance. 

2. Connect LO load of the DC calibrator to earth ground. 
Connect the output of the calibrator (A) to the banana jack 
inputs (Voltage Ranges) on the 181. (No input leads are to 
be connected lo mV input ) 

3. Dial the DC calibrator to ZERO Select the 2V range. Press 
the Zero button. Chock the Front Panel to sec that the Zero 
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LED is lit. Dial an output of + 1,90000V on the calibrator. 
Adjust R316 on the Analog Board until the display reads 
1,90000V + 1 digit. Take note of the reading. 

4. Press the ZERO button on the 181 twice to rezero the 
instrument. Reverse the polarity of the input Dial an out- 
put of 1.90000V on the calibrator (A), Make sure the 181 
reads the same as in Step 3+3 digits. If the reversal error is 
out of specification, then Model 181s with Potentiometer 
R344 can be adjusted as in Step 5. For 181s without R344 
and out of reversal error specification, refer to the 
troubleshooting section. 



5. Adjust R344 until the reading is the same as in Step 3 
±v'^ digits. 

5-8. lOMeg Adjustment (2 

Adjust R314 for the center of its span. When a problem is en- 
countered (adjustment runs to the limit of its span) during 
adjustment of step 3, 4 or 5, use R314 to bring the adjustment 
on range. Then go back and recalibrate the 20V, 200V, and 
1000V ranges. 

5-9. 20V Range Adjustment [3] 

Repeat Step 3 of A/D Calibration but use the 20V range, input 
19.0000V and adjust R315 to obtain a reading of 19.0000V t 1 
digit. If the reversal in Step 5 (Paragraph 5-7) is greater than 
+ 3 digits, refer to the troubleshooting section. 

5-10. 200V Range Adjustment [4] 

Repeat Step 3 of A/D Calibration but use the 200V range, in- 
put 190.000V and adjust R309 to obtain a reading of 190.(XX)V 
±1 digit. If the reversal in Step 5 (paragraph 5-7) is greater 
than ±3 digits, refer to the troubleshooting section 

5-11. 1000V Range Adjustment 

Repeat Step 3 of A/D Calibration but use the 1000V range, in- 
put 1000.00V and adjust R310 to obtain a reading of KDOO.OO 
±1 digit. If the reversal in Step 5 (paragraph 5-7) is greater 
than ±2 digits, refer to the troubleshooting section. 

5-12. D/A Calibration [|] [t] 

1 . Select X1 , on the analog output switch located on the rear 
panel. Connect the Model to analog output, 

2. Select the 2V range and input 2. lOOOOV. Verify that the 181 
display reads OFLO. 

3. Adjust R106 for an output voltage of -2.000V +.05% 

( + 1 mV) read on the display. 

4. Input +2. 10000V into the 181 and verify that the 181 
display reads OFLO. 

5. Adjust R107 for an output voltage of +2.000V ± 05% 

( ± ImV) read on the display. 

5-13. Nanovolt Preamp Calibration [8| 

(Cannot be done until 2V range is calibrated). 

1. Pumpout 

A. Connect a 10MQ probe to the 181 Preamp Input (mV 
input). Connect the other end of the probe to the input 
of the Ithaco Low Noise Preamp. Connect the output of 
the Preamp to the oscilloscope. A low thermal connec- 
tion is not necessary here. 



B. Adjust H412 until AC pumpout M lOOOH/ B W i is less 
tfian 2rnV p p 

2. Gain 

Tfio tost fixture (1000 to ! dividor) for (j<iin adjustment 
fiavo low thermal connections to ifio nanovoii (;ream[j A 
precision 1000 to 1 divider is recommended so '.hat a stanriard 
DC calibrator can be used (IV.n ImV out) 



3 2 Millivolt Range 



9 



A Mriasure the resistors in ttu; divider separatelv 
59(X) (on 90 day spec) fake note of e.tch ff‘Sis 
use lire following tormui<i to grM an exact farie 



US:f (j 



Lesser Resistance 

Lesser Resistance ♦ Greater Resisiaru:e Ratio 

For Example: 

Lesser Resistance - 99fl 
Grruiier Resistance 100 02kiJ 

99 

99* ^ 100.02K - ,0009888 Ratro 

B Connect the DC calibrator. 1000 to 1 div;dc-r a'uf the Hi ris 
sftown in Figure 5 5 Allow aptrroximaiely e.ne rniru.te h r 
tfiermal EMFs to settle out Tunr HI RES on 



( j oo] Divider 




Model 181 332D 



FIGURE 5-5. Preamp Calibration 

C Select the 2mV range Dial the DC calibrator to 0 aXXXX) 
and press the ZERO on the front panel of the 181 
D Apply 1 90000V to the divider box Allow the 181 to settle 
Now take the ratio just calculated and multiply it by Full 
Scale which will be applied by the calibrator For example 

,0009888 x 1 900000V - 1.87872mV 
(Ratio) (Applied = (Expected 
Input) = Reading) 

This IS the reading to expect on the 181 when 1 90(XX)0V is 
applied from the calibrator into the divider and the divider 
resistances turn out to be as the example shows Adjust R409 
to obtain the calculated reading + 25 digits Be sure to allow 
sufficient settling time for the instrument 

E. Dial the output of the calibrator to an output of 0 (XXXXX) 
Allow the instrument to settle. Chock to see if zero has 
changed. The input connector thermal EMFs may or may 
not have settled so Zero may not be the same If zero has 
changed, rezero and repeat Stop D until the result is 
repea table 
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20 Millivoll Range l-'.rJ 

A. Select the 20mV range and rezero the 181, 



B. Repeal Step 3D except for a calibrator output of 19.00000V 
and adjust R410 for the reading calculated ± 10 digits. 



5. 200 Mtllivoll Range 



11 



A, Soletd the 200nnV range. 



B Connect the DC calibrator, Kelvin-Varley Voltage divider 
and 181 as shown in Figure 5-6. 

C. Dial the DC calibrator to 0000000 and press the zero 
butkjn on the front panel. 

D Dial the Kelvin-Varley Voltage Divider to 0100000 and the 
DC calibrator to 1.900000V. Adjust R411 for a displayed 
reading of 190 0000 +10 digits. 



This completes ftie full calibration ol the 181 If calibration 
cannot be accomplished proceed to troubleshooting 
in lor mat ion in this section 
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FIGURE 5-6. DC Calibrator, Kelvin-Varley Divider and 181 



5-14. TROUBLESHOOTING 

Tfie troubtehsooling instructions contained in this section are 
intended for qualified personnel having a basic understanding 
of analog and digital electronic principles and components 
used in a precision electronic tost instrument. Instructions 
have been written to assist in isolating the defective circuit or 
subcircLiil. Isolation of the specific defective component has 
boon left to the troubleshooter. 



NOTE 

For instruments lfiat are still undet warranty (loss 
than 12 months sinc:e date ol sfiipment), if the 
instrument's performance is outside r)f speci 
fica lions at any point, contact your Koitfiloy 
reprosen la live or tfie laclory brifom atteinfjting 
troubleshooting oi repair other tfran fuse 
replacement. 

5-15. Special Handling of Static Sensitive Devices 

CMOS and NMOS devices are designed to fund ion at vrrry 
higfi impede ncrr levels for low fiower consumption. Foi this 
reason normal static rrharge build up on your person oi 
clothing can bo sufficient to destroy these devices. Stef) 1 lists 
the sialic sensitive devices in your Model 181. The remaining 
steps f)rovido instruction on how to avoid dar^iaginr) lliom 
when they must fro removed /replaced. 

1. Static sensitive devi(;es; 



Keithley Part No. 


Reference 

Designation 


IC-250 


U104 


IC-251 


U120. U121 


IC-247 


U117 


PRO-106-00 (2716) 


U102 


PR 0-1 07-00 (2716) 


U103 


LSI -6 


U108 


LSI-18 


U109 


LSI-28 


U110 


LSl-14 


U131 


IC-229 


U133 


IC-229 


U134 



2. The af)Ove integrated circuits should be handled and 
transported only in protective containers. Typically they will 
be received in metal tubr)s or static protective foani. Keep 
lt)o devices in tfieir original containers until rr^'ady lor use. 

3. Remove the devices from their protective containers only ai 
a properly grounded work bench or table, and only afler 
grounding yourself by using a wrist strap. 

4. Handle the devices only by the body. Do not loucfi tfie 
[)ins. 

5. Any printed circuit board into which a device is to be 
inserted must also be grounded to tfie bencfi or table. 

6. Use only grounded tip sokiering irons. 

/ Use only anti static lyf)e solder suckers 
8. After soldr-^ring the device into the bo<ard, or properly 
inserting it into the mating receptacle, the d twice is 
adequately protected and normal handling can be rosurned. 

5-16. Line Power 

In general, start toubleshooting with the Line Power Checks 
and Main Supplies listed in Table 5-3. These checks will verify 
that the power supplies are providing the correct voltages to 
the electronic components. 
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FOLLOW NUMBERED SEQUENCE . 
SET range . APPLY VOLTAGE TO 
APPROPRIATE INPUT CONNECTOR. 
ADJUST FOR DISPLAY INDICATED. 



20n'V RANGE 
lO.OOOOinV Al lEM /EROINC. 






n 



^(K.)rnV 

190-000H.V 



EK 






PUMPOgT AU.i 
(SIR IVIANUAI I 



d] 



-I s 

- 2.000 V OUT pq 
WHEN DISPLAY lJU 
READS -CTFIC) j 



2V RANGE p-| 
1.90000V LU 



o o 



anal OCi 



OUT 



200 V RANGE 

13O.00OV L— I 



1000V RANGE 

1000.00V I— J 




o 



O P^ 20V RANCiE 
LrJ 19.0000V 



ADJ. FOR CfNILR 

O r^ READJUS I IF 

^ 0,0, OR 0 

ARE OU I OF RANC'.E 



d] 



FS 

2.000V OU I 
WHEN DlSPI-AY 
READS OHET 



CAUTIONi MAINTAIN LOW TERMINAL A I GROUND POTENTIAL . 
WARNINGl DISCONNECT LINE CORD BEFORE SERVICING. 

USE INSULATED IDOL FOR ADJUSTMENTS. 



FIGURE 5-7. Model 1815 Calibration Cover 




This is what the top of the calibration cover looks like. Follow the procedure and locate the ad|ustmefii as shown atjovo 
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TABLE 5-3 

POWER SUPPLY CHECKS 



Step 


Item/Component 


Required Conditions 


Remarks 


1 


S102 line Switch 


Must be set to 




2 


F101 Lino Fuse 


115V or 230V as appropriate 
Continuity 




3 


J1101 Line Cord 


Plugged into live 




4 


Outpul of U 128 


receptacle. Turn on power 
f5VDC, +5% 


+ 5V Analog Supply' 


5 


Input of U128 


t 7.6V Minimum 


Input of + 5V Regulator 


6 


Output of U129 


-M5V, +5% 


+ 15V Analog Supply* 


7 


Input of U129 


1 - 17.9V Minimum 


Input of -f 15V Regulator 


8 


Output of U130 


-15V, ±5% 


- 15V Analog Supply* 


9 


Input of U130 


- ■ 17.9V Minimum 


Input of - 15V Regulator 


10 


Output of 013/ 


15V, +5% 


15V Digital Supply** 


11 


Input ol 0137 


17.9V Minimum 


Input of - 15V Regulator 


12 


Output of 0136 


+ 15V. ±5% 


+ 15V Digital Supply* " 


13 


Input of 0136 


1 17.9V Minimum 


Input ot r- 15V Regulator 


14 


Cathode of CR101 or 
Collector of 0105 


1 5V, j-5% 


r 5V Digital Supply* * 


15 


Input ot 0135 


r- 14.25V Minimum 


Input of 1 5V Regulator 


16 


Emitter of 0105 


-I- 6.7V Minimum 


Input to Outpul 








Regulation Transistor 



” Referenced lo Input LO 
** Referenced to Analog Output LO 



5-17. A/D Converter and Display 

Proper operalion ol the A/D converter and the display should 
b(! verilied before troubleshooting (tie na novel I proamp and 
signal conditioning circuits. Certain basic chocks are listed in 
Tables 5-4 and 5-5. These checks should be made to ascertain 
that the A/D converter circuit is functioning properly. The cir- 



cuit diagram of the A/D converter is located on two 
Schematics, 30585D and 30583D Sheet 2 of 2. Reading the 
Theory of Operation for the A/D converter is strongly recom- 
mended before troubleshooting the A/D. There are several 
waveforms provided to help isolate the problem. 
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TABLE 5-4 
A/D CONVERTER 



Step 


Item /Component 


Required Conditions 


Remarks 


1 




Turn on Power and select 
20mV range. Short the mV 
inputs and V 


All voltage and waveform 
measurements are referenc 
ed to input LO unless 
otherwise noted 


2 


Display 


0 0000 ± 5 digits 
0,0000 Hi Res Engaged 




3 


Check main power supplies 


Refer to Table 5-2 




4 


U301 


f 5.6V 


Bootstrap Su[)piv* 


5 


U301 Pin 4 


-5.6V 


Bootstrap Supply' 


6 


U305 Pin 6 


10V t 10% 


Output of Reference Supply 


7 


Source of Q309 


2V Cal 


2V it Calibrated, measure 
with a high impedance 
voltmeter ( : UPO), 


8 


Anode of VR302 


-6.4V, -1-5% 




9 


U127C Pm 8 


TTL level square wave 
at 3.84MHz Rate 


3.84MHz Clock 


10 


U123A Pm 5 
U309A Pm 3 


TTL level square wave 
at 480kHz rate 
Refer to Figure 5-8 


480kHz Clock 


11 


U105 Pin 1 
U110 


TTL level pulses 
at 2 4kHz rate 
Refer to Figure 5-9 


2 4kffz Clock 


12 


U307 Pin 14 
R324 Pm 5 


- 15V 


Gate Drive of Q309 


13 


Emitter Q313 


'See Waveform of 
Figure 5-18 


A/D Buffer Output 
with lOmV applied 


14 


U302 Pin 2 


• -2.49V, +7% { t 1/5mV) 


T ransconductanco 
Amp (GAMP) bias 


15 


U306 Pin 6 


'See Waveform of 


Integrator Output 




R327 Pin 7 


Figure 5-17 


Waveform 


16 


U127B Pin 5, U122A Pin 6 
Q320C Pin 6, U309B Pm 5 


'TTL level pulses 
Refer to Figure 5- 10 


Input Disable 


17 


U126 Pin 13, P1010 Pin 3 


'TTL level pulses 


V - F pulses to 




U309 Pin 10 


Refer to Figure 5-16 


Counter 


18 


U303 Pin 2 


'5V, ±7% {350m V) 


Cfiarge Dispenser Bias 


19 


U110 Pin 16, AT101 Pin 4 


'TTL level pulses 
Refer to Figure 5-12 


Charge Balance/ Single 
Slope Waveform at AtlOl 
Reference to Analog Out LO 


20 


AT102 Pin 4, U126 Pin 2 


'TTL level pulses 


Strobe pulses 




U120 Pin 1, U121 Pin 1 


Refer to Figure 5 - 13 


of AT 102 


21 


AT103 Pin 4, U120 Pin 2 


"TTL level pulses 
Refer to Figure 5-14 


Data to U120 


22 


AT104 Pin 4, U120 Pin 3 


*TTL level pulses 


Clock pulses for 




U121 Pin 3 


Refer to Figure 5-15 


shift registers 
U120 and U121 



* Referenced to the emitter of 0313. 
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Figure 5-18 is the A/D Buffer Output Waveform. The 181 is on 
the 20mV range with lOmV applied to the input. This 
waveform begins with a 200nnsec delay and then a signal in- 
tegrate takes place. After the signal integrate, the preamp zero 
takes place. Then a 2V cal is performed. When the 2V cal is 
complete, another 200msec delay occurs. The 200msec delays 
are to allow sufficient time for the preamp to settle After the 
delay and another preamp zero, an A/D zero takes place. 
Notice the two zeroes are different in value Another 200msec 
delay occurs and the whole phase starts over again. 

5-18. Display Board 

The Display Board circuitry has two drive circuits that operate 
the display. The segment drive circuitry (Q201 thru Q208) is 
connected to all displays in parallel. The digit drive circuitry 
enables all segments of a single digit one at a time. All signals 
are referenced to digital common. Check these circuits per 
Table 5-5. 

5-19. Nanovolt Preamp Noise Troubleshooting 

Begin the troubleshooting procedure by checking the 2V 
range. If this range is noisy, the A/D or digital circuitry are 
most likely at fault. If the 2V range is quiet, the nanovolt 
proamp is most likely at fault. Comporrents suspected of 
generating noise should be cfiecked. That is, the noise level of 
the device should be measured and verified as out of spec 
before replacing the device. 



For examining the noise level of the devices utilize the Ithaco 
Model 1201 Low Noise Preamplifier (Item FI of Table 5-1). Set 
the gam to 1000 and the bandwidth to 1-30H/. An XI shielded 
probe is recennmended lor use The output ol the Model 1201 
premaplifier should be plugged into an oscilloscope. The 
oscilloscope can itien be set to the desired .sensitivity (e.g. 
10V on scope = lOmV referred to the input}. It is not uncom 
mon to have 60Hz pickup superimposed on the noise 
waveform. The BOFIz can be ignored as long as it is low (less 
than 20/iV p-p referred to the input). 

5-20. Preamp Noise Troubleshooting Checks 

The Nanovolt Preamp operation is explained in the Theory of 
Operation. It is rocommonded that the troubleshooter read the 
Nanovolt Preamp section ol the Tfieory of Operation before 
troubleshooting the Preamp. Table 5-6 is a step by step pro 
ceduro to breakdown and isolate the problor'n 
5-21. Checks of Preamp Zero 

A. Select 2mV range. Short the mV input with a low thermal 
shunt. 

B. Monitor U404 Pin 7 for a reading of less than ±2V. If Pin 6 is 
within ±2V, proceed to Step 2. If Pin 7 is greater than +2V 
reselect R423 and R424 per the following procedure. 



TABLE 5-5 
DISPLAY 



Step 


Item/ Component 


Required Condition 


Remarks 


1 




Turn on Power 
Select 20rnV DC range 
Short input 


All voltages referenced 
to Analog Output l ow 


2 


U203, Pin 14 


5 Volts -I- 5% 


II Low Chock Per 
Table 5-2 


3 


U203, Pm 8 


TTL level Square Wave at 1.2kFl7 
Rate 


Clock for Display 


4 


U203. Pm 1 


TTL level digital pulses 




5 


U203, Pin 3, 4, 5, 6, 
10, 11, 12, 13 


Digit and Annunciator Drive 
Fligh Enable 




6 


U201, Pin 1, 13, 9, 7 
U202, Pm 1, 13, 9, 7 


Digit and Annunciator Drive Output 
Low - b nab led 


Digit Drivers 


/ 


0201 208 


5 Volts on Emiller 


Segment Drivers 


8 


DS 202 -207 


Segment Drive 


Output of segment 




Pm 1, 2, 4, 6, 7, 
9, 10 


Fligfi - Enabled 


drivers. Collectors of 
0202 -0208 


9 


J1008, Pin 13 


TTL level Digital Pulses 


Press S201, S207, S208 


10 


J1008, Pin 12 


TIL level Digital Pulses 


Press S202, S206, S209 


11 


.11008, Pin 11 


T ri level Digital Pulses 


Press S203, S205, S210 


12 


-11008, Pm 10 


TTL level Digital Pulses 


Press S204, S211 
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FIGURE 5 - 8. 480kHz Clock 1#<sec/cm 2V/cm 
(U309A Pin 3) 





FIGURE 5-9. 2.4kHz Clock .2/isec/cm 2V/cm FIGURE 5-12. AT101 Output lOmsec/cm 2V/cm 

(U105Pin 1) 




FIGURE 5-10. Input Disable 10msec/ cm 2V/cm 
IU127B Pin 5) 
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FIGURE 5-14. AT103 Output lOmsec/cm 2V/cm 
(AT103 Pin 4) 




FIGURE 5-17. Integrator Output lOmsec/cm ,5V/cm 
(U306 Pin 6) 




FIGURE 5-15. ATI 04 Output 50msec/cm 2V/cm 
(AT104 Pin 4) 




FIGURE 5-18. A/D Output Buffer Output lOOmsec/cm 5V/cm 
(emitter of Q313) 




FIGURE 5-16. V-F Output 10msec/ cm 2V/cm 
(U126 Pin 13) 
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C. Setting Offset Null 

1 . Remove R423 and R424. 

2. Place a 20Kn potentiometer across the three Berg pins on 
the preamp board. Connect the wiper of the pot to the cen- 
ter Berg pin (pin B). Connect the other pins of the pot to the 
other two Berg pins (pins A,B). 

3. Select the 2mV range and short the input. 

4. Adjust the 20KQ potentiometer until the U404 Pin 6 is less 
than 0.5V. Measure the resistance of the potentiometer 
from the wiper to both ends. 

5. Replace R423 and R424 with the nearest value 1 % film re- 
sistors as measured on the potentiometer. 

5-22. Buffer Check 

A, Select the 200m\/ range. Short the input 

B. Monitor U401 Pin 1 and verify the noise level as less than 20 
/iV p-p. If the noise level is greater than 20juV p-p, replace 
U401 Refer to Figures 5 19 and 5 20 for noise level. The 
output of U401 is sensitive to probe capacitance Isolate 
with a IK resistor. If U401 is quiet, proceed to Paragraph 
5-23. 




FIGURE 5- 19. Noisy Q413 lO/xV/cm 50ms/cm 




FIGURE 5-20. Quiet Q413 10|tV/cm 50ms/cm 



5-23. Input Current Check 

Perform the following checks at less than 80% relative 
humidity 

A. Select the 20mV range. Install a shielded IMQ resistor 
across the input Select the following functions Damping 
In, Filter In, Hi Res off 

B. Check the display tor less than 500 digits. If the reading is 
out of spec, note whether it is positive or negative 

C If the display is negative, and greater than 500 digits, lift ttie 
gate lead of Q416 from the PC troard and tt’ien check itie 
display for less than 500 digits. If the display is still out of 
spec, replace Q419 and Q420 and resolder the gate of 
Q416 

D If the display is positive and greater than 500 digits, lift the 
gate lead of Q415 Check the display for less than 500 digits 
and if It IS in soec after the gate load tias been lifted off the 
PC board, replace Q415. Otherwise, 0413 is at fault 

5-24. Bootstrap Check 

Monitor U404 Pin 3 for less than 10/iV p p noise Monitor U404 
Pin 1 for less than lO/xV p p noise If Pm 1 fias a greau-r 
amount of noise than Pin 3. replace U404 

5-25. Low Noise Supply Check 

A Select the 20mV range. Monitor the noise level on U405 Pm 
5. Verify that it is less than 10/tV p-p If Pm 5 notse level ts 
greater than 10 /aV p-p, the possible causes are com 
ponents VR404 and CR406 

B If U405 Pm 5 noise level is less tfian 10/iV p p. verify tti.u 
U405 Pm 3 noise level ts less than 10/rV p p If U405 Pm 3 
noise level ts greater than 10/iV p p, the posstblo causes are 
VR403 or CR407, 

C. If U405 Pin 3 noise level is less than 10/iV p p. verify that 
U405 Pins 7 and 1 noise level is less than 10/iV p p If U40f) 
pins 7 and 1 noise level is greater than 10/* V p p. replacr* 
U405 After U405 is replaced, verity that Pms / and 1 art; 
10/iV p-p 

D. i;VR have been verified as having less than 10/*V p-p 
noise. If this is not the case, examine the associated com 
ponents C412, C413, R421, R422 and R413 for poor solder 
joints or defects. Do not advance to the next step unless 
+ VR noise level is less than 10/*V p-p. 

5-26. Current Bias Check 

Monitor the noise level on the emitter ol Q414 foi Irrss than 
20/tV p p If Q414 emitter has a noise level greater than 20/* V 
p p, replace Q414 If replacing Q414 did not solve die noise 
problem, examine} R431 tfiru R433 for poor soklei jomts or 
defects. Refer to Figures 5 21 and 5 2? 

5-27. Input FET Replacement 

A If the 181 is still noisy after all the previous checks have 
been made, the problem is apparently the input FET Q413A 
and B. 

B. Replace Q413A and B with Keithley Part No ^10809 which is 
a matched set. Rosolocl R423 and R424 as stated m 
Paragraph 5-21 Verify noise and drift performance 
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5-28. Nanovolt Preamp Troubleshooting 

The Nanovolt Preamp operation is explained in the Theory of 
Operation. It is recommended that the troubleshooter read the 
Nanovolt Preamp section of the Theory of Operation before 
troubleshooting the Preamp. The following Table 5-6 is a step 
by step procedure to breakdown and isolate the problem 
quickly and easily. 




FIGURE 5-21. Noisy U401 10/iV/cm 50ms/cm 




FIGURE 5 — 22. Quiet U401 10^V/cm 50ms/cm 



5-29. DC Volts Attenuator Troubleshooting 

The DC Volts Attenuator is made up of a precision voltage 
divider (R313A, B, C and D, R314, R315, R309, R310 and 
R311), ranging relays (K301 and K302) and input protection 
FETs (0301 and 0302). The Attenuator is located on the 
Analog Board PC-529. The Attenuator divides the input signal 
to the appropriate switching FET, 



5-30. IEEE Bus Circuit Troubleshooting 

Bus address toggle switches (S103) set the Bus address. The 
address cannot be changed while power is applied. To change 
this address, select new address by S103 and cycle the power. 

1 Visually check the 181 display to see that it is operating 
properly. If it is nonfunctional, flickering or displaying 
incorrect data then check the display circuit U110, U201, 
U202, U203, 0201-0208. If the display is operating 
properly, then proceed to Step 2. 

2. Program the controller to input any command string and 
output data. Check buffers U133 and U134 for input and 
output of data. Check T/R1 (Pin 27) and T/R2 (Pin 28) of 
U131 for toggling (0 to 5V switching). 

3 Check to see that the Bus Address can be changed. Turn 
off the instrument and toggle in a different Bus Address. 
Turn power on and see that the new Bus Address is 
present by appropriate controller address. 

5-31. D/A Circuit Troubleshooting 

1. Visually check the 181 display to see if it is operating 
properly. If it is nonfunctional, flickering or displaying 
incorrect data then check the display circuit U110, U201, 
U202, U203, Q20TQ208 If the display is operating 
properly, then proceed to Step 2. 

2. Input a ramp voltage of -2V to -i-2V at a .5Hz rate to the 
Banana Jacks on the 2V range. Using an oscilloscope 
measure the signals located on Pins 4-15 of U117, The 
signals should be switching from 0 volts to -(- 5volts (toggl- 
ing). This should be done with the Analog Output Gain 
Switch to XI . If the pins are toggling proceed to the analog 
section of the D/A circuit. If the pins are not toggling pro- 
ceed to Step 3. 

3. Monitor bits 1-4 of U117 to see that they are toggling. If 
they are not toggling, check U110. If the pins are toggling, 
then proceed to Step 4. 

4. Monitor bits 5-12 of U117 to see that they are toggling. If 
they are not toggling and Pin 11 (Enable of U116) is 
toggling, then U116 is bad. If Pin 11 (Enable of 116) is not 
toggling, then check U1 10. If Pin 5-12 of U1 17 are toggling, 
then the digital section of the D/A circuit is functioning 
properly. 

5-32. Switch Input Section Troubleshooting 

The switch input section is shown on Schematic 30583D, 
Sheet 2 of 2 and consists of U104, Q102, R101, R129, and 
R133. 

Check that the Front Panel Range and Function Switches 
operate properly. Also check that the appropriate frequency 

was displayed upon power up. H the Front Panel Switchs 
operate properly and the appropriate frequency was displayed 
upon power up, then the Switch Input Section is operating 
properly. If the Front Panel Switches are not operating 
properly or an inappropriate reading for frequency was 
displayed upon power up, then check U104, Q102, R101, R129 
and R133 
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TABLE 5-6 

PREAMP TROUBLESHOOTING 



Step 


Item/ Component 


Required Conditions 


Remarks 


1 


Test point A ( + VR) 


+ lOV ± 10% 


t- Bootstrap supply for 
Input EETs 


2 


Berg Pin C 


- lOV ± 10% 


- Bootstrap supply for 
Input FETs 


3 


U402 Pin 13 


0 to - 15V pulses 


Gate drive tor 0419 


4 


U402 Pm 14 


0 to 15V pulses 


Gate drive lor Q420 


5 


U403 Pm 13 


0 to 15V pulses, 
corresponds to Step 3 
pulses 


Turns on Filter and 
Buffer whik> Q419 is on 


6 


Drain of Q413A 
Q412 Pm 6 (base) 


5.5V ±5% 


Input to HI 
Gam Amplifier 


7 


Drain of Q413B 
Q412 Pin (base) 


5 5V ±5% 


Input to HI 
Gam Amplifier 


8 


Q412 Pin 7 


10V f 5% 


Input to U404 


9 


U404 Pin 1 


OV t 50mv 


Bootstrap Common 


10 


U401B Pin 5 


*0 to IV pulses 


Input of U401B wfiicti is 
the Buffer between the 2nd 
and 3rd pole ot the Filter 


11 


U401V Pins 6 and / 


'Oto IV pulses 


Output of U401B 


12 


U401A Pin 8 


f5.6V +10% 


+ Bootstrap 
Supply to U401A 


13 


U401A Pin 4 


5.6V f 10% 


Bootstrap 
Supply U401A 


14 


U401A Pin 3 


*0 to IV pulses 


Input to U401A 
(Isolate probe capacnanct; 
witfi a IK resistor ) 


15 


U401A Pins 1 and 2 


*0 to IV 


Output of Nanovolt Prearnf) 



* lOmV applied to the mV input terminal with 20mV range selected 



NOTE: All voltages referred to Input LO with Input shortened and 20mV range selectr;d 



TABLE 5 7 

DCV ATTENUATOR TROUBLESHOOTING 



Step 


Item/Component 


Required Conditions 


1 




Select 2V range 






Apply IV. 


2 


K301 Pin 7 


Read IV input signal 


3 


Source of 0304 


Read IV input signal 


4 




Select 20V range 






Apply 10V to input 


5 


K302 Pin 7 


Read IV 




Source of 0304 




6 




Select 200V range 






Apply 100V to input 






Read IV 


7 




Select 1000V range 


9 


R310 wiper 


Read IV 



Remarks 



K301 is engaged 
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5-33. Digital Troubleshooting 

1 Monitor the clock on the 02 Line (Pin 37 or U109) for a 
1MHz square wave. 

2 Monilor the clock on Pins 38 and 39 of U109 for a 4MHz 
square wave. 

3 Check lire Reset line (Pm 40 of U109). It should be logic HI. 
Display will bo blank if the Reset line is a logic LO. 

4. Check CA2 (Pin 39 of U110) for clear pulses at a 1.2kHz 
rale. Check CS2 (Pin 23 of U110) lor U110 to be accessed 
with a low true signal. 

b- II CS2 is rrot accessed with a low true signal, then check 
the address linos All, A12, A14 and A15 on U101 to soo 
that thoy are swilcftmg between OV and t 5V. If the ad- 
dress linos are switcfiing, then chock U101. 

6. Choc:k Ifio VMA line (Pin 5 of U109, Pin 1 of U101) to see 
tfiat it is switching between OV and f bV. 



7. Check IRQ lino for a logic low every 833^ seconds (1.2kHz 
ra te). 



NOTE 

If the previous troubles hooting chcacks reveal no 
problem, then the unit must be returned to Ihr? 
laclory lor repair. This is due to the complexity of 
Ifte troubleshooting (jquipment rr^quired. 



5-34. Q413 Installation 

Use Figure 5-23 lo install the matched J-FET pair (Keithley P/N 
30809) in PC-526. 




TDrain 

2- Gate 

3- Source 



Figure 5-23. Q413 Installation 
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REPLACEABLE PARTS 



Section 6. Replaceable Parts 



6-1. GENERAL 

This section contains information for ordering replacement 
parts. The Replaceable Parts List is arranged tn alphabetical 
order of the circuit designations of the components. A cross- 
reference list of manufacturers containing their addresses is 
given in Table 6-1 , 

6-2. Ordering Information 

To place an order or to obtain information concerning replace- 
ment parts contact your Keithley representative or the factory. 
See the inside front cover for addresses. When ordering, 
include the following information: 

A. Instrument Model Number 

B. Instrument Serial Number 

C. Part Description 

D. Circuit Designation {if applicable) 

E. Keithley Part Number 

6-3. Factory Service 

If the instrument is to be returned to the factory for service, 
please complete the Service Form which follows this section 
and return it with the instrument. 



6-4. Component Layouts 

The component layouts are as follows 



A 


Nanovolt Preamp Board, PC 526. Owg No 
Figure 6-1 


303 //D 


B. 


Analog Board. PC 529, Dwcj No 
Figure 6 2 


30503 D 


C- 


Display Board, PC 5.30, Own No 
Figure 6-3 


305320 


0. 


Digital Board (mothei tjoatd). PC 531 Dw-g 
Figurr! 6-4 


. :-t05;6D 



6-5. Schematics 

The Model 181 tias lour scht‘rna!ic; dtacjr.ams, a rat it i.‘v ,js 
follows: 

A Nanovoit Preamp Board, PC b?6, Scluimatic Nf) 306860. 
Figure 6-5 

B Analog Board, PC 529. Schr.'malK; No 3051^50. Fujurtr 
6 6 . 

C Display Board, PC 530. Schi'maiK No BObH-lsJ I .au'<- 
6 7 

D Digital Board, PC 531. SclHrmatu; No .305830 • KSifer;. 3 



TABLE 6-1 

Replaceable Parts List 
PC-531 - Scheinattc 305830 



Circuit 

Desig. 


Description 


Schematic 

Location 


PC-Board 

Item No. /Location 


Mfr. 

Code 


Mfr. 

Desig. 


Keithley 
Part No. 


AT-101 


Opto Isolator 


E2 


195/02 


MOT 


M0C5005 


lC-292 


AT- 102 


Opto Isolator 


E3 


196/02 


MOT 


M0C5005 


IC-29? 


AT-103 


Opto Isolator 


E4 


197/03 


MOT 


MOC5O05 


IC-292 


AT- 104 


Opto Isolator 


E4 


198/03 


MOT 


M0C5005 


IC-29? 


AT-105 


Opto Isolator 


F6 


199/03 


MOT 


MOCSOOS 


IC-29? 


C-101 


.IpF, 16V, CerD 


B5I 


4/A3 


CLB 


UK16-104 


C-238-.1 


C-102 


.IpF, 16V, CerD 


D5I 


5/A2 


CLB 


UK16-104 


C-238-.1 


C-103 


.IpF, 16V, CerD 


E6l 


6/B2 


CLB 


UK16-104 


C-238-.1 


C-104 


.IpF, 16V, CerD 


A5I 


7/C2 


CLB 


IJK16-104 


C-238-.1 


C-106 


.0068pF, 500V, CerD 


E5I 


3/C2 


SPG 


5HGAD68 


C-22-.0068 


C-106 


22pF, lOOOV, CerD 


B4I 


9/C2 


CLB 


D0220 


C-64-22pF 


C-107 


22pF, lOOOV, CerD 


B4I 


10/C2 


CLB 


DD220 


C-64-22pF 


C-108 


.luF, 16V, CerD 


82^ 


11/B2 


CLB 


UK16-104 


C-238-.1 


C-109 


.ItiF, 16V, CerD 


03^ 


12/B2 


CLB 


UK16-104 


C-238-.1 


C-110 


390pF, 500V, CerD 


B5 


13/C4 


CLB 


D0391 


C-22-390pF 


C-111 


.IpF, 16V, CerD 


E2^ 


14/D2 


CLB 


UK16-104 


C-23R-.1 

















REPLACEABLE PARTS 



MODEL 181 



TABLE 6-1 

Replaceable Parts List 
PC-531 - Schematic 30583D 
(Continued) 



— 

Circuit 

Oesig. 




Description 


Schematic 

Location 


PC-Board 

Item No. /Location 


Mfr. 

Code 




Keith ley 
Part No. 


C-112 


.luF, 16V, CerD 


E2l 


15/D2 


CLB 


UK16-104 


C-238-.1 


C-113 


.IpF, 16V, CerO 


E4l 


16/03 


CLB 


UK16-104 


C-238-.1 


C-114 


.IpF. 16V, CerO 


E4l 


17/03 


CLB 


UK16-104 


C-238-.1 


C-115 


.luF, 16V, CerD 


F6l 


18/03 


CLB 


UK16-104 


C-238-.1 


C-116 


.luF, 16V, CerD 


G4l 


19/02 


CLB 


UK16-104 


C-238-.1 


C-117 


A\iF, 16V, CerD 


G5^ 


20/E2 


CLB 


UK16-104 


C-238-.1 


C-118 


.luF, 16V, CerD 


E3l 


21/E3 


CLB 


UK16-104 


C-238-.1 


C-119 


68pF, lOOOV, CerO 


F4l 


22/D3 


CLB 


DO -680 


C-64-68pF 


C-120 


47pF, lOOOV, CerD 


F5l 


23/03 


ERl 


Type 838 


C-64-47pF 


C-121 


.IpF, 16V, CerD 


F4l 


24/04 


CLB 


UK16-104 


C-238-.1 


C-122 


.IpF, 16V, CerO 


F5^ 


25/E3 


CLB 


UK16-104 


C-238-.1 


C-123 


6.8yiF, 25V, Electro 


D2 


26/E2 


NIC 


25UKB6R8DM 


C-314-6.8 


C-124 


1500ijF, 25V, Electro 


C2 


27/F2 


NIC 


25ULA1500 


C-314-1500 


C-125 


IBOOyF, 25V, Electro 


Cl 


28/E2 


NIC 


25ULA1500 


C-314-1500 


C-126 


1500mF, 25V, Electro 


Cl 


29/F2 


NIC 


25ULA1500 


C-314-1500 


C-127 


6.8yF, 25V, Electro 


D1 


30/E3 


NIC 


25UKB6R8DM 


C-314-6.8 


C-128 


6.8uF, 25V, Electro 


D2 


31/F3 


NIC 


25UKB6R80M 


C-314-6.8 


C-129 


2200pF, 500V, CerO 


-- 


32/E4 


ERI 


TYPE831 


C-22-2200pF 


C-130 


10,000wF, lOV, Electro 


C4 


33/F3 


NIC 


10UP10,000 


C-304-10,000 


C-131 


.02nF, 500V, CerO 


B4 


34/G2 


ERI 


TYPE811 


C-22-.02 


C-132 


6.8uF, 25V, Electro 


D3 


35/F4 


NIC 


25UKB6R8D17 


C-314-6.8 


C-133 


6.8iiF, 25V, Electro 


03 


36 /F4 


NIC 


25UKB6R8017 


C-314-6.8 


C-134 


lOOpE, 35V, Electro 


C3 


37/F4 


NIC 


35ULA100 


C-295-100 


C-135 


lOOuE, 35V, Electro 


C3 


38/G4 


NIC 


35ULA100 


C-295-100 


C-136 


.IpF, 16V, CerD 


G2 


40/F4 


CLB 


UK16-104 


C-238-.1 


C-137 


IpF, 50V, Polycarb 


D5 


41 /C4 


ECI 


625BIA105 


C-215-1 


C-138 


IpF, 20V, Tant 


cii 


42/B2 


SIE 


821A105K020N 


C-204-1 


C-139 


470pF, 2000V, CerD 


D3 


45/03 


AC I 


470pF 


C-324-470pF 


C-140 


680pF, 2000V, CerD 


D3 


46/D3 


AC I 


680pF 


C-324-680pF 


CR-101 


Diode 


04 


E4 


F-I 


1N4607 


RF-41 


CR-104 


Rectifier Bridge 


(14 


53/F4 


G-I 


2735 


RF-48 



6-2 
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REPLACEABLE PARTS 



TABLE B-1 

Replaceable Parts List 
PC-531 - Schematic 30583D 
(Continued) 



Circuit 

Desig. 


Description 


Schematic 

Location 


PC-Board 

Item No. /Location 


Mfr. 

Code 


Mfr. 

Oesiq. 


Keith ley 
Part No. 


CR-105 


Rectifier Bridqe 


B1 


54/F3 


G-I 


W04M 


RF-46 


CR-106 


Rectifier Bridge 


B2 


55/F2 


C.-I 


W04M 


-46 


CR-107 


Rectifier Bridge 


B3 


56/F2 


n-i 


W04M 


RF-46 


F-101 


Fuse 1/4A (115V) 


A3 


-- 


L-F 


313, 250 


FO-17 


F-101 


Fuse 1/8A (230V) 


A3 


-- 


L-F 


-- 


FO-20 


JlOOl 


Binding Post (Red) 


A1 


-- 


HMS 


151/ 


RP-1 1 -0 


J1002 


Binding Post (Black) 


A2 


-- 


HHS 


151 / 


RP - 1 1 - ? 


J1003 


Millivolt Input Connector 


A2 


-- 


AMP 


MS3102A-16- 

115-639 


CS-38? 


J1004 


Binding Post (Red) 


D5 


-- 


HHS 


1517 


BP-11-? 


J1005 


Binding Post (Black) 


05 


— 


HHS 


1517 


RP-11 -0 


J1006 


IEEE Connector 


H1-H4 


G4 


AMP 


552791-1 


CS-377 


JlOll 


Power Connector 


A4 


-- 


SWl 


EAC-301 


CXS-254 


J1012 


Connector 


A3 


-- 


MOL 


09-50-3031 


CS-287-3 


L-101 


lOOuH Choke 


F4 


60/D3 


NYT 


SWD-100 


CH-14 


PI 007 


12 Pin Connector 


hi-hbI 


64/05 


MOL 


09-70- 


CS-338-12 


PI 008 


Ribbon Cable Assembly 


Dl-Fl ,E5^ 


62/B4 


K-I 


-- 


305 7 5A 


PI 009 


13 Pin Connector 


Hl-HSl 


66/E3 


MOL 


09-70- 


CS-338-13 


PlOlO 


14 Pin Connector 


Hl-HSl 


65/32 


MOL 


09-70- 


CS-338-14 


P1012 


3 Pin Mol ex Connector 


A3 


67/F2 


MOL 


09-65-1031 


CS-288-3 


QlOl 


N Channel, J FET 


F5^ 


71/E3 


INT 


ITE392 


TG'128 


Q102 


NPN Silicon 


06^ 


72/05 


MOT 


2N3904 


TG-47 


Q103 


NPN Si 1 icon 


D4 


73/F4 


MOT 


2N3904 


TG-47 


Q104 


NPN Silicon 


D4 


74/F4 


MOT 


2N3904 


TG-47 


Q105 


PNP Darlington 


03 


75/E3 


G-E 


045E1 


32469-1 


Q106 


NPN silicon 


C6 


77/E5 


F-f 


2N3565 


TG-39 


Q107 


NPN si 1 icon 


C6 


78/E5 


F-I 


2N3565 


TG-39 


R-101 




D5, D6 


80/B3 






TF -99 










R-103 


3.3K, 10%. 1/4W, Comp 


E6 


B2/B2 


BRN 


CR25* 


R-76-3.3K 


R-104 


3.3K, 10%, 1/4W. Comp 


B1 


83/C3 


RRN 


CR25* 


R-76-3.3K 


R-105 


3.3K, 10%, 1/4W, Comp 


Cl 


84/C3 


BRN 


CR25* 


R-76-3.3K 


R-106 


lOK Cermet Trimmer 


C6 


85/C4 


BEK 


72PMR* 


RP-97-10K 

















REPLACEABLE PARTS 
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TABLE 6-1 

Replaceable Parts List 
PC-531 - Schematic 305830 



Circuit 




Schematic 


PC-Board 


Mfr. 


Mfr. 


Keithley 


Desiq. 


Description 


Location 


Item No. /Location 


Code 


Des i q . 


Part No. 


R-107 


lOK Cermet Trimmer 


B6 


86/C4 


REK 


72PMR* 


RP-97-10K 


R-108 


166. 3K, .1%, 1/8W, MTF 


R6 


87/C5 


OLE 


MFFl/8 


R-176-166.3K 


R-109 


108. 8K, .1%, 1/8W, MTF 


86 


88/C5 






0 1 7ft 1 OB fix' 








R-iin 


4.32K, 1%, 1/8W, Fixed 


C6 


89/C5 


OLE 


MFFl/8 


R-88-4.32K 


R-111 


392K, 1%, 1/8W, Fixed 


C5 


90/C5 


DLF 


MFFl/8 


R-88-392K 


R-112 


108. 8K, .1%, 1/8W, MTF 


C6 


91/C5 


OLE 


CMPl/10 


R-176-108.8K 


R-113 


IM, .1%, 1/8W, MTF 


C5 


92/C5 


OLE 


MFFl/8 


R-176-1M 


R-114 


402K, 1%, 1/8W, Fixed 


05 


93/C5 


OLE 


MFFl/8 


R-88-402K 


R-115 


lOK. 10%. 1/4W. Comp 


R2 


94/C2 


8RN 


CR25* 


R-76-10K 


R-116 


lOK, 10%, 1/4W, Comp 


D3 


95/02 


RRN 


CR25* 


R-76-10K 


R-117 


1500, 10%, 1/4W, Comp 


F3 


96/02 


BRN 


CR25* 


R-76-150 


R-118 


150a, 10%, 1/4W, Comp 


F.4 


97/02 


RRN 


CR25* 


R-76-150 


R-119 


150a, 10%, 1/4W, Comp 


E4 


98/03 


BRN 


CR25* 


R-76-150 


R-120 


120a, 10%, 1/4W, Comp 


F6 


99/04 


RRN 


CR25* 


R-76-120 


R-121 


120q, 10%, 1/4W, Comp 


F2 


100/02 


RRN 


CR25* 


R-76-120 


R-122 


lOK, 10%, 1/4W, Comp 


G4 


101/02 


RRN 


CR25* 


R-76-10K 


R-123 


lOM, 10%, 1/4W, Comp 


F5 


102/03 


RRN 


CR25* 


R-76-10M 


R-124 


4.7K, 10%, 1/4W, Comp 


F4 


103/E3 


BRN 


CR25* 


R-76-4.7K 


R-125 


4.7K, 10%, 1/4W, Comp 


F5 


103/E3 


BRN 


CR25* 


R-76-4.7K 


R-126 


22a, 10%, 1/4W, Comp 


F4 


105/E4 


RRN 


CR25* 


R-76-22 


R-127 


1.5K, 10%, 1/4W, Comp 


C4 


106/E3 


BRN 


CR25* 


R-76-1.5K 


R-128 


IK, 10%, 1/4W, Comp 


04 


107/E3 


BRN 


CR25* 


R-76-1K 


R-129 


lOK, 10%, 1/4W, Comp 


E6 


108/E5 


RRN 


CR25* 


R-76-10K 


R-130 


IK, n, 1/2W, MTLG 


05 


109/F5 


OLE 


CMFl/4 


R-94-IK 


R-131 


Thich Fi Im Resistor 


G-4 


110/F5 


BRN 


431012 


TF-99 


R-132 


IM, 10%, 1/4W, Comp 


R4 


lll/Gl 


BRN 


CR25* 


R-76-1M 


R-134 


3.3K, 10%. 1/4W, Comp 


E6 


113/Cl 


RRN 


CR25* 


R-76-3.3K 


S-101 


Swi tch 


A3 


119/Al 


SHA 


NE-15/F 


SW-466 


S-102 


Switch 


A2 


120/G2 


K-1 


— 


SW-425 


S-103 


Switch 


G4 


121/G5 


K-I 


— 


SW-377 


U-106 


Quad 2-lnput Nand 


SEV^ 


1 32/C2 


MOT 


74LSOO 


IC-163 


U-107 


Quad Exclusive OR 


SEvl 


136/C2 


NAT 


OM7486N 


IC-116 



6-4 
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REPLACEABLE PARTS 



TABLE 6-1 

Replaceable Parts List 
PC-531 - Schematic 30583D 
(Continued) 



Circuit 

Desig. 


Description 


Schematic 

Location 


PC-Board j 

Item No. /Location | 


Mfr. 

Code 


Mfr. 

Oesiq. 


Keith ley 
Part No. 


u-loa 


60 in RAM 


ARI 


133/C2 


MOT 


MCRRIOL 


LSI-6 


u-ina 


6802 Micro Processor 


B2^ 


134/C 3 


MOT 


MC6R07P 


LSI-IR 


IJ-llO 


6622 PIA 


C3^ 


135/C3 


SYN 


SYP652? 


LSI-28 


U-llfi 


Latch - Tristate Output 


E2^ 


141/R4 


MOT 


74LS374 


!C-^4? 


U-117 


Multiplying OAC 


B5 


142/R4 


A-n 


A07541 JN 


ir-?47 


U-U8 


FET Input Op /^p 


C5 


143/C4 


NAT 


LF351AN 


IT-'Jaq 


u-iia 


FET Input Op Amo 


D5, R6l 


144/C4 


NAT 


I.F353N 


ir-?46 


U-120 


a Rit Shift Register 


G4^ 


145/F2 


MOT 


4094 




U-121 


a Rit Shift Register 


G4^ 


146/E2 


MOT 


4094 


IC-251 


lJ-122 


Dual "0“ Flip Flop 


G3^ 


147/D2 


T-I 


74LS74 


ir-144 


U-123 


! Dual 4 Bit Counter 


G2, GrI 


14R/E? 


MOT 


SN74LS393 


ic-^n i 


U-124 


Display Driver 


SEV^ 


149/E2 


T-I 


SN75492N 


ir-169 


U-12S 


Dual 4 Bit Counter 


G6^ 


160/03 


T-I 


SN741 390 


ir-?i? 


U-126 


Quad 2-Input Nand Gate 


SEV^ 


IS1/E3 


MOT 


74LSOO 


lC-163 


U-127 


Quad 2-Input Nand Gate 


SEV^ 


152/E3 


MOT 


MC74LSORP 


IC-215 


U-128 


+5V Regulator 


C2 


153/E2 


MOT 


1 MCZROSCP 


32468 1 


U-129 


+15V Regulator 


C2 


154/E3 


NAT 


LM341P15 


32468-2 


U-130 


-15V Regulator 


Cl 


155/F3 


SIG 


79M15CU 


32468-3 


U-131 


IEEE Interface Chip 


E2 


166/E6 


MOT 


MC684aa 


LSI -14 


U-132 


Tri-state Buffer 


F4 


167/E6 


F-I 


74LS3679C 


IC-161 


U-133 


Bidirectional Bus Driver 


G2 


15R/F6 


MOT 


MC34471, 


IC-229 


U-134 


Bidirectional Bus Driver 


G3 


159/F5 


MOT 


MC3447L 


TC-229 


U-135 


5V Regulator 


C4 


160/F4 


MOT 


MC78Ln5Al.P 


lC-223 


U-136 


+15V Regulator 


C3 


161/F4 


MOT 


MC781.715CP 


IC-170 


U-137 


-15V Regulator 


C3 


162/F4 


NAT 


TM320L715 


ir-?53 


VR-102 


6.2V Zener Diode 


B5 


171/C5 


CMP 


1N45770S0 


nz-58 


VR-103 


5.1V Zener Diode 


C6 


172/E6 


MOT 


1N751 


nz-S9 


VR-tn4 


5.1V Zener Diode 


06 


173/E5 


MOT 


1N751 


nZ-69 


W-104 j 


Jumper 


R6 


177/R3 


-- 


-- 


J-3 


Y-im 


4.0MHZ Chrystal 


R3 


1R3/C? 


CTS 


MP040 


CR-in 


Y-102 


3.84MHZ 


F5 


1R4/D4 


ROM 


HC'18/tl 


CR-13 



means Page 2 of 2 of Schematic 30583D. *Fo1 lowed by part description. 
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TABLE 6-2 

Replaceable Parts List 
PC-529 - Schematic 30585D 



Ci rcuit 
Desig. 


Description 


Schematic 

Location 


PC-Board 

Item No. /Location 


Mfr. 

Code 




Keithley 
Part No. 


C-301 


.OlpF, 1200V, Polyprop 


A1 


4/B3 


STD 




C-286-.01 


C-302 


liiF, 50V, Cer 


C2 


5/C4 


ERI 


8121-050-651- 

104M 


C-237-1 


C-303 


•IpF, 50, Cer 


E3 


6/C2 


CLB 


UK16-104 


C-238-.1 


C-304 


• UiF, 50V, Cer 


F3 


7/C2 


CLB 


UK16-104 


C-238-.1 


C-305 


l(iF , 50V, Cer 


G1 


8/E4 


ERI 


8121-050-651- 

104M 


C-237-1 


C-306 


luF, 50V, Cer 


02 


9/04 


ERI 


8121-050-651- 

104M 


C-237-1 


C-307 


.luF, 50V, Cer 


El 


10/D4 


CLB 


UK16-104 


C-238-.1 


C-308 


3600pF, 500V. 5%, Polyst 


y G3 


11/03 


MAL 


Type SX 


C-138-3600pF 


C-309 


1.5pF, 50V, Cer Tube 


G2 


12/C3 


ERI 


301-000-COKO- 

159C 


C-282-1.5pF 


CR-301 


Silicon, lOOV, 10mA 


G6/D4 


16/04 


T-I 


1N4148 


RF-28 


CR-302 


Silicon, lOOV, 10mA 


H6 


17/04 


T-I 


1N4148 


RF-28 


J-in09 


Molex Connector 8 Pin 


G1 


22/E4 


MOL 


09-52-3082 


CS-332-8 


J-lOlO 


Molex Connector 12 Pin 


A5-A6 


21/E2 


MOL 


09-52-3122 


CS-332-12 


K-301 


Relay Sp DT 


A1 


87/B4 


P-B 


RL-6R 


RL-68 


K-302 


Relay Sp DT 


B2 


88/B4 


P-B 


RE-68 


RL-68 


Q-301 


N-Channel JFET(to-92) 


B2 


26/C2 


NAT 


PF-5301 


TG-139 


Q-302 


N-Channel JFET(to-92) 


B1 


27/C3 


NAT 


PF-5301 


TG-139 


Q-303 


N-Channel JFET (to-92) 


C3 


28/B2 


NAT 


PF-5301 


TG-139 


Q-304 


N-Channel JFET (to-92) 


B3 


29/R2 


NAT 


PF-5301 


TG-139 


Q-305 


N-Channel JFET (to-92) 


B4 


30/B2 


NAT 


PF-5301 


TG-139 


Q-306 


N-Channel JFET (to-92) 


C3 


31/B2 


NAT 


PF-5301 


TG-139 


q-307 


N-Channel JFET (to-92) 


B4 


32/B2 


NAT 


PF-5301 


TG-139 


Q-308 


N-Channel JFET (to-92) 


B5 


33/B2 


NAT 


PF-5301 


TG-139 


Q-309 


N-Channel JFET (to-92) 


C2 


34/B3 


NAT 


PF-5301 


TG-139 


Q-310 


N-Channel JEET (to-92) 


C3 


35/C2 


NAT 


PF-5301 


TG-139 


Q-311 


PNP Silicon (to-92) 


03 


36/C2 


MOT 


2N3906 


TG-84 


Q-312 


NPN Silicon (to-92) 


03 


37/C2 


F-I 


2N3904 


TG-47 


Q-313 


NPN Silicon (to-92) 


03 


38/C3 


F-I 


2N3904 


TG-47 


Q-314 


N-Channel FET (to-92) 


E3 


39/C3 


NAT 


SF51192 


TG-128 


Q-315 


PNP Silicon (to-92) 


F2 


40/C 3 


MOT 


2N3906 


TG-84 
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REPLACEABLE PARTS 



MODEL 181 



TABLE 6-2 

Replaceable Parts List 
PC-B29 - Schematic 305850 



Circuit 

Oesig. 


Description 


Schematic 

Location 


PC-Board 

Item No. /Location 


m 


Mfr. 

Oesig. 


Keithley 
Part No. 


Q-316 


PNP Silicon (to-92) 


F2 


41/C3 


MOT 


2N3906 


TG-B4 


Q-317 


PNP Si 1 i con (to-92) 


G2 


42/D3 


MOT 


2N3906 


Tr,-R4 


Q-318 


PNP Si 1 icon 


G2 


43/03 


MOT 


2N3906 


TG-84 


Q-319 


NPN Silicon (to-92) 


G3 


44/02 


F-I 


2N-3904 


TG-4 7 


0-320 


NPN Transistor Package 


SEV 


45/03 


K-1 


-- 


29198 


0-321 


NPN Transistor Package 


SEV 


46/04 


K-I 


-- 


29198 


R-301 


20QK, 1%. 8W. Fixed 


A1 


53/B3 


CAO 


MS-281 


R-P47-2O0K 


R-302 


47K, 10%. 1/4W, Comp 


R2 


54/B2 


8RN 


CR25* 


R-76-4 7K 


R-304 


820K, 10%, 1/4W. Comp 


83 


56/83 


8RN 


CR25* 


P-76-820k 


R-307 


390K, 10%, 1/4W, Comp 


C3 


59/C2 


BRN 


CR25* 


R-76-390K 


R-309 


200n, Cermet Trimmer 


A3 


61/83 


REK 


72PMR* 


RP.q;_2nn 


R-310 


20fi, Cermet Trinmer 


A3 


62/N3 


BEK 


72PMR* 


RP-97-20 


R-311 


IK, .1%, 1/lOW, Mtf. 


A4 


63/C3 


ACI 


VARl/10* 


R- 263- IK 


R-312 


4.99K, .1%, 1/lOW, Mtf. 


E3 


64/C3 


ACl 


VAR 1 /in* 


R. 263-4. 99k 


R-313 


Thick Film Resistor 


SEV 


65/B3 


CAO 


- 


T( -83 


R-314 


20K, Cermet Tri inner 


A2 


66/84 


BEK 


72PMR* 


Rp.q/.2nK 


R-315 


2K, Cermet Trimmer 


A2 


67/84 


REK 


72PMR* 


Rp.q7-?r 


R-316 


lOOfl, Cermet Triirmer 


Cl 


68/C4 


BRN 


3299W* 


Rp. 104 -100 


R-317 


680K, 10%, IW, Comp 


82 


69/B4 


A-B 


TYPFGR* 


R-2-680K 


R-318 


19.95K, .1%, 1/8W, WW 


C2 


70/C4 


K-I 


-- 


R-295-19.95K 


R-319 


Factory Selected 


01 


71/C4 


— 


-- 


-- 


R-320 


Factory Selected 


D1 


72/C4 


— 


-- 


-- 


R-321 


46K, .1%, 1/8W, WW 


Cl 


73/C4 


KEL 


- 


R-2q5.46K 


R-322 


lOK, 1%, 1/RW, MTLF. 


E2 


74/D3 


MEFl/ 


8* 


R-88-10K 


R-323 


2.2M, 10%, 1/4W, Comp 


F3 


75/C3 


BRN 


CR25* 


R-76-2.2M 


R-324 


Thick Fi 1 m Resistor 


SEV 


76/C2 


CTS 


- 


TE-87 


R-325 


33K, 10%, 1/4W, Comp 


C6 


77/C2 


BRN 


CR25* 


R-76-33K 


R-326 


33K, 10%, 1/4W, Comp 


C5 


78/C2 


RRN 


CR25* 


R-76-33K 


R-327 


Thick Film Resistor 


SEV 


79/03 


CTS 


— 


TF-85 


R-328 


2.74K, 1%, 1/8W, Mtf. 


D1 


80/C4 


OLE 


FMM, 1/8* 


R-Ra-2. 74K 


R-329 


6.49K, 1%, 1/8W, Mtf. 


D2 


81/04 


OLE 


MFF, 1/8* 


R-88-6.4qK 
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REPLACEABLE PARTS 



MODEL 181 



TABLE 6-2 

Replaceable Parts List 
PC-529 - Schematic 30585D 
(Conti nued) 



Circuit 

Desig. 


Description 


Schematic 

Location 


PC -Board 

Item No. /Location 


Mfr. 

Code 


Mfr. 

Desi q. 


Keithley 
Part No. 


R-330 


4.64K, 1%, 1/8W, Mtf. 


E2 


82/D4 


OLE 


MFF, 1/8* 


R-88-4.64K 


R-331 


1000, 10%, 1/4W, Comp 


El 


83/04 


BRN I 


CR25* 


R-76-100 


R-332 


910K, 10%, 1/4W, Comp 


C4 ' 


116/82 


8RN 


CR25* 


R-76-910K 


R-333 


IM, 10%, 1/4W, Comp 


84 


117/82 


BRN 


CR25* 


R-76-1M 


R-334 


IM, 10%, 1/4W, Comp 


84 


118/82 


BRN 


CR25* 


R-76-1M 


R-335 


IM, 10%. 1/4W, Comp 


84 


119/82 


BRN 


CR25* 


R-76-1M 


R-336 


2.7K, 10%, 1/4W, Comp 


E5 


120/C4 


8RN 


CR25* 


R-76-2.7K 


R-337 


3.92K, 1%, 1/8W, fixed 


E5 


121/C4 


OLE 


MFF 1/8 


R-8R-3.92K 


R-33B 


39. 2K, !%, l/HW, Fixed 


F5 


122/C4 


OLE 


MFF 1/8 


R-8R-39.2K 


R-339 


24. 9K, 1%, 1/8W, Fixed 


E4 


123/C4 


DEE 


MFFl/8 


R_88-24.qK 


R-340 


2.5K, .1%, 1/8W, Mtf. 


FI 


124/C4 


OLE 


MFF 1/8 


R-176-2.5K 


R-341 


328K. .1%, 1/8W, Mtf. 


El : 


125/C4 


OLE 


MIT 1/8 


R-176-328K 


R-342 


IM, 10%, 1/4W, Comp 


85 


126/82 


8RN 


CR25 


R-76-1M 


R-343 


IM, 10%, 1/4W, Comp 


C5 


127/82 


BRN 


CR25 


R-76-1M 


R-344 


100k, Cermet Trinmer 


G3 


128/82 


BRN 


3686-F 1-104 


RP-97-100K 


U-301 


Operational Amplifier 


C3 


91/C3 


K-I 


— 


30167 


U-302 


Operat i ona 1 Ampl i f i er 


E3 


92/C3 


K-I 


-- 


30163A 


U-303 


Operational Amplifier 


El 


93/C3 


K-I 


-- 


30154A 


11-304 


Voltage Reference 


ni 


94/C4 


K-I 


— 


299968 


lJ-305 


Operational Amplifier 


ni 


95/C4 


K-I 


-- 


30154A 


11-306 


Operational Amplifier 


G3 


96/D3 


NAT 


LF351N 


IC-1 76 


U-307 


Quad Comparator 


SEV 


97/D2 


NAF 


EM339 


IC-219 


0-30B 


Quad Comparator 


85. 86 


98/D2 


NAT 


LM339 


IC-219 


U-309 


Quad 2-Input Nor Gate 


SEV 


99/02 


SIG 


74LS02 


IC-179 


lJ-310 


Dual "D" Flip Flop 


F4, G4 


100/D3 


MOT 


MC74574N 


IC-216 


11-311 


Comparator 


H3 


101/04 


NAT 


LM-311 


IC-173 


VR-301 


5.1V, 10% Zener 


81 


105/82 


MOT 


1N751 


07-59 


VR-302 


6.4V, 5% Zener 


E4 


106/V3 


SIE 


1N4571 


nz-60 


VR-303 


6.2V Zener 


D3 


107/C3 


OIC 


1N827A 


0Z-4B 


VR-304 


6.2V Zener 


03 


108/C3 


Die 


1N827A 


07-48 











MODEL 181 



REPLACEABLE PARTS 



TABLE 6-3 

Replaceable Parts List 
PC-526 - Schematic 30586D 



Circuit 

Desig. 


Description 


Keithley 
Part No. 


C401 


.luF, 16V. CerD 


C-238-.1 


C402 


.luF, 16V, CerD 


C-238 .1 


C403 


,047uF. 100V, Polyprop 


C-306-.047 


C404 


.5uF, 50V, Polycarb 


C-201 .5 


C405 


510pF, 500V, Polysty 


C-138 510pF 


C406 


.047uF, 100V, Polyprop 


C-306-.047 


C407 


,047uF, 100V, Polyprop 


C-306-.047 


C408 


,015uF. 200V, Polycarb 


C-221-.015 


C409 


.OISuF, 200V. Polycarb 


C-221-.015 


C410 


lOuF, 20V, Tan 


C-179-10 


C411 


lOuF, 20V, Tan 


C-179-10 


C412 


10uF, 20V, Tan 


C-179-10 


C413 


lOuF, 20V, Tan 


C-179-10 


C414 


,1uF, 16V, Ceramic 


C-238--1 


C415 


.luF, 16V, Ceramic 


C-238-.1 


C416 


22pF, 500V, Polysty 


C 138 22pF 


C417 


5000pF. 500V, Polysty 


C-138-5000pF 


CR401 


Diode 


RF-28 


CR402 


Diode 


RF-28 


CR403 


Diode 


RF-28 


CR406 


Diode, Current Regulator 


TG-140 


CR407 


Diode, Current Regulator 


TG-140 


J1007 


12 Pin Connector 


CS-337-12 


K401 


Relay 


RL-59 


Q401 


NPN Silicon 


TG-47 


0402 


PNP Silicon 


TG-84 


0403 


N, Channel J-FET 


TG-139 


0404 


N, Channel J-FET 


TG-139 


0405 


N, Channel FET 


TG-128 
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MODEL 181 



REPLACEABLE PARTS 



TABLE 6-3 

Replaceable Parts List 
PC-526 ' Schematic 30586D 
(Continued) 



Circuit 

Desig. 


Description 


Keithley 
Part No. 


Q406 


N, Channel FET 


TG-128 


Q407 


N, Channel FET 


TG-128 


Q408 


NPN, Silicon 


TG-47 


Q409 


N Channel J-FET 


TG-139 


Q412 


NPN Monolithic Pair 


TG-142 


Q413 


Matched J-FETS 


TG-141 


Q414 


NPN Silicon 


TG-143 


Q415 


N Channel FET 


TG-128 


Q416 


N Channel FET 


TG-128 


Q417 


N Channel FET 


TG-128 


0418 


N Channel FET 


TG-128 


0419 


N Channel FET 


TG-128 


0420 


N Channel FET 


TG-128 


R401 


200K, 1%, 1/8W, Mtf, 


R-88-200K 


R402 


33K, 5%, 1/4W, Comp. 


R-76-33K 


R403 


22K, 5%, 1/4W, Comp. 


R-76-22K 


R404 


22K, 5%, 1/4W, Comp. 


R-76-22k 


R405 


33K, 5%, 1/4W, Comp. 


R-76-33K 


R406 


200K, 1%, 1/8W, Mtf. 


R-88-200K 


R407 


Thick Film 


TF-87 


R409 


IK, 10%, Cermet Trimmer 


RP-89-1K 


R410 


100 ohm, 10%, Cermet Trimmer 


RP-89-100 


R411 


IK, 10%, Cermet Trimmer 


RP-89-1K 


R412 


20K, 10%, Cermet Trimmer 


RP-89-20K 


R413 


20QK, 1%, 1/8W, MF 


R-88-200K 


R414 


199, 3K, 0.1%, 1/10W, Mtf. 


R-263-199.3K 


R415 


21.93K, 0.1%, 1/10W, Mtt. 


R-263-21 .93K 


R416 


199.3K, 0.1%, 1/10W, Mtf. 


R-263-199.3K 


R417 


75K, 1%, 1/8W, Mtf. 


R-88-75K 


R418 


49.9K, 0.1%, 1/8W, Mtf. 


R-176-49.9K 


R419 


49.9K, 0.1%. 1/8W, Mtf. 


R-176-49.9K 


R420 


100K, 1%, 1/8W, Mtf. 


R-88-100K 
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MODEL 181 



REPLACEABLE PARTS 



TABLE 6-3 

Replaceable Parts Lisi 
PC-526 - Schematic 30586D 
(Continued) 



Circuit 

Desig. 


Description 


Keithley 
Part No. 


R421 


56.2K, 1%, 1/8W, Mtf. 


R-88-56.2K 


R422 


56.2K, 1%, 1/8W, Mtf. 


R-88-66.2K 


R423 


1%, 1/8W, Mtf. 


R-88-' 


R424 


*, 1%, 1/8W, Mtf. 


R-88-' 


R427 


100K, 5%, 1/4W, Comp 


R-76-100K 


R428 


100K, 5%, 1/4W, Comp. 


R-76-100K 


R429 


2K, 0.1%, 1/10W, WW 


R-291-2K 


R430 


2K, 0.1%, 1.10W, WW 


R-291-2K 


R431 


15K, 1%, 1/8, Mtf. 


R-88-15K 


R432 


4.99K, 1%, 1/8W, Mtf. 


R-88-4 99K 


R433 


1K, 1%, 1/8W, Mtf. 


R-88-1K 


R434 


22.2K, 0.1%, 1.10W, Mtf, 


R-263-22.2K 


R435 


200 ohm, 0.1%, 1/10W, WW 


R-291-200 


R436 


1 K ohm, 1%, 2W, WW 


R-290-1K 


U401 


Dual Op Amp 


30475A 


U402 


Quad Comparator 


IC-219 


U403 


Quad Comparator 


IC-219 


U404 


Selected, Int. Circuit 


30154 


U405 


Dual Op Amp 


30477 


U406 


Selected, Int. Circuit 


30167 


VR401 


Zener Diode 6,2V 


D2-48 


VR402 


Zener Diode 6.2V 


DZ-48 


VR403 


Zener Diode 6.4V 


DZ-60 


VR404 


Zener Diode 6.4V 


DZ-60 


VR405 


Zener Diode 4.7V 


DZ-67 


VR406 


Zener Diode 4.7V 


DZ-67 



* Followed by part description 
** Selected at factory. 
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REPLACEABLE PARTS 



MODEL 181 



TABLE 6-4 

Replaceable Mechanical 



Parts 



Keithley 
Part No. 


Description 


Quantity 


BOTTOM COVER 






30541 


Bottom Cover 


1 


30544 


Tilt Bail 


1 


FA-143 


Drive Pin 


1 


FE-14 


Foot 


4 


TOP COVER 






30540 


Top Cover 


1 


TP-8-1 


Foam 


1 


617-322 


Shield 


1 


FRONT PANEL 






30539 


Front Panel 


1 


30589 


Front Panel Overlay 


1 


BP-1 1-0 


Binding Post (Black) 


1 


BP-11-2 


Binding Post (Red) 


1 


181-303-1 


Shield 


1 


REAR PANEL 






30596 


Rear Panel 


1 


BP-1 1-0 


Binding Post (Black) 


1 


BP-11 -2 


Binding Post (Red) 


1 


FH-24 


Fuse Carrier Body 


1 


FH-25 


Fuse Carrier 


1 


MC-77 


Serial No. Labe! 


1 


CS-254 


AC Connector 


1 
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MODEL 181 



REPLACEABLE PARTS 



TABLE 6-5 

Cross Reference of Manufacturers 



MFR. 

CODE 


NAME AND ADDRESS 


FEDERAL 
SUPPLY CODE 


MFR. 

CODE 


NAME AND ADDRESS 


FEDERAL 
SUPPLY CODE 


A-B 


Allen-Bradley Corp. 
Milwaukee, W1 53204 


01121 


GRH 


Grayh ill, Inc . 

La Grange, IL 60525 


81073 


A-n 


Analog Devices, Inc. 
Norwood, MA 02026 


24355 


H-P 


Hewlett-Packard Co. 
Palo Alto. CA 94304 


50444 


AC I 


American Components, Inc. 
Conshohocken, PA 19423 


14298 


INT 


Inters i 1 , Inr . 
Cupertino, CA 95014 


3^.^Q3 


AMP 


Amphenol 

Broadview, IL 60153 


02660 


ITT 


1 IT Semiconductor 
l.awrance, MA 01841 


1 5238 


BOM 


Bomar Crystal Co. 
Middlesex, NJ 08846 


73188 


K & M 


K ^ M Electron ic s Co. 
Minneapolis, MN 55435 




RRN 


Bourns, Inc. 
Riverside, CA 92507 


80294 


K-I 


Keith ley Instruments. Inc. 
Cleveland, OH 44)39 


80164 


C-I 


Components, Inc. 
Biddeford, ME 04005 


06751 


l.-F 


Little Fuse, I nr . 

Dps Plaines, IL 6nn’6 


7 5015 


C A K 


C /li K Comoonents, Inc. 
Watertown, MA 02158 


09353 


MAL 


Mai lot'v 

Ind 1 anaoo I is , IN 46 2i)6 


QO.?n 1 


CAD 


Caddock 

Riverside, CA 92507 


19647 


MEP 


Menco, Inc. 
Morristown, Nd 07960 


800 31 


CLR 


Centralab Division 
Milwaukee, WI 53201 


71590 


MMM 


3M Comnanv 

St. Paul, MN 55101 




cnc 


Corcom 

Chicago, IL 60639 


05245 


MOL 


Mo lex 

Downers Grove, H. 60515 


:’7?64 


COT 


Coto-Coil Co, Inc. 
Providence, RI 02905 


71 707 


MON 


Monsanto 

St. loijis, MO 631?'’ 


76541 


COW 


Continental Wirt 
Warminster, PA 


79727 


MOT 


Motorala Semi. Products Inc. 
Phoenix, A7 85008 


0471 3 


CTS 


CTS Corporation 
Elkhart, IN 46514 


71450 


MMR 


Murata Coro, o^ America 
Elmsford, NY 10523 


51406 


DLE 


Dale Electronics 
Columbus, NE 68601 


91637 


NAT 


National Semi. Corn. 
Santa Clara, CA 94086 


27014 


ECI 


Electro-Cube, Inc. 

San Rabriel, CA 91776 


14752 


NFC 


NEC Microcomputer, Inc. 
Lexington, MA 02173 


25088 


EDI 


Electronic Devices, Inc. 
Yonkers, NY 10710 


83701 


NIC 


Nich icon Corp . . 
Chicago, IL 60645 


18324 


EMC 


EMC Industried, Inc. 
Hatboro, PA 19040 


50417 


NYT 


Nytronics Components Grouo 
Darlington, SC 29532 


83125 


ERI 


Erie Technological Prod. 
Erie, PA 16512 


72982 


PAT 


Patt ison Suool y Co. 
Cleveland, OH 44125 


15818 


F-I 


Fairchild Instruments 
Mountain View, CA 94043 


07263 


POM 


Pomona Electric 
Pomona, CA 91766 


05;>76 


n-E 


General Electric Co. 
Syracuse, NY 13201 


03508 


PRP 


Precision Resistive Products 
Mediapolis, lA 53237 
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REPLACEABLE PARTS 



MODEL 181 



TABLE 6-5 

Cross Reference of Manufacturers 



MFR. 

CODE 


' 

NAME AND ADDRESS 


FEDERAL 
SUPPLY CODE 




RCA 


RCA Corporation 
Nashville, TN 37?07 


02734 




RIC 


Richey 

Nashvi lie, TN 37?07 


29309 




SCH 


Schuster Electric Co. 
Cincinnati, OH 45?4? 






SIF 


Siemens Coro. 
Iselin, N.l 088.30 


26088 




Sin 


Siqnetics Coro. 
Sunnyvale, CA 84086 


18324 




SPO 


Soraque Electic Co. 
Visalia, CA 93778 


14659 




SUP 


Superior Electric 
Bristol, CT 06010 


684 74 




SYN 


Synertek 

Santa Clara, CA 96061 






T-I 


Texas Instruments, Inc. 
Dallas, TX 76P31 


01296 




TFL 


Te ledyne 

Mountain View, Ca 94040 


16818 




TRW 


TRW Electric Components IRC 
Boone, NC ?8607 


11602 




UCC 


United Chemi-Con Inc. 
Rosemont, IL 60018 






VTC 


Victoreen Instruments Co, 
Cleveland, OH 44103 


63060 





Table 6-6 

Parts List Additions 



Circuit 

Desig. 


Description 


Schematic 
Dwg. No. and 
Location 


PC Board 
Item No. and 
Location 


Keithley 
Part No. 


L301 


Choke (Rear Panel Assembly) 


30585/A 1 


PC-529 


CH-29 


FL101 


Line Filter 


30583/A4 




LF-2 


L102 


Choke 


30583/D5 


PC-531 ;224/G6 


CH-29 


J1011 


Pin 


30585/A1 


PC-529;1 29/BI 


CS-357 


J1012 


Pin 


30585/A2 


PC-529 ;1 30/A 1 


CS-463 


— 


Connector 


30586 


PC-526:34/C3 


CS-339-3 


VR405 


Zener Diode 


30586/A1 


PC-526: 120/D3 


DZ-67 


VR406 


Zener Diode 


30586/A2 


PC-526:121/D3 


DZ-67 


U404 


Integrated Circuit 


30586/DI 


PC-526: 110/C3 


30154 


U406 


Integrated Circuit 


30586/D5 


PC-526:112/C3 


30167 
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Figure 6-2. Analog Board PC-529, Component Location Diagram, Dwg. No. 30503D 
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Figure 6-3. Display Board PC 530, Component Location Diagram, Dwg, No 
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Figure 6-4 Digital Board PC-531, Component Location Diagram, Dwg No. 30576D 








Figure 6 5 Nanovolt Preamp PC 526, Schematic Diagram, 
Owg No 30586D 
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Figure 6 6 Analog Board PC 529, Schematic Diagram. Dwg. 
No. 30585D 
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f iquro 6 8 Digital Board PC 531. Schematic Diagram, Dwg. 
No 30583D 
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Fiqur<; 6 8. Digital Board PC 531, Schematic Diagram, Dwg. 
No 30583D 
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APPENDIX A 



APPENDIX A 

MODEL 181 IEEE ADDENDUM 



The IEEE section in your Model 181 may have Texas Instruments SN75160s for 
U406 and U407 instead of the intended Motorola parts (MC3447s). The Texas 
Instruments parts are readily identifiable by removing the top cover and 
looking at the IEEE section located at the rear of the instrument* If two 
chips are on a separate PC board and wired into the original sockets on 
the mother board then they are the Texas Instruments SN75160s. 

These parts (T.I. SN75160) DO NOT correspond to the original Schematic 
30977D. Everything between the 68488 chip and the connector J1006 is 
different when the T.I SN75160s are installed* The result is the same, 
but the operation is accomplished differently than with the Motorola's 
MC3447S* Shown on the next page is the alternate configuration for the 
T.I. SN75160S. 
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INSTRUMENTS 



SERVICE FORM 

Model No. Serial No. Date 

Name and Telephone No. 

Company 

List all control settings, describe problem and check boxes that apply to problem. 



□intermittent OAnalog output follows display 

□ IEEE failure nObvious problem on power-up 

□ Front panel operational QAll ranges or functions are bad 

Display or output (circle one) 

□ Drifts □ Unable to zero 

□Unstable □Will not read applied input 

□Overload 

r~l Calibration only □€ of C required 

□ Data required 

(attach any additional sheets as necessary.) 

Show a block diagram of your measurement system including all instruments connected (whether power is turned on or not ). 
Also, describe signal source. 



□ Particular range or function bad; specify 

□ Batteries and fuses are OK 
□Checked all cables 



Where is the measurement being performed? (factory, controlled laboratory, out-of-doors, etc.) 



What power line voltage is used? Ambient Temperature? °F 

Relative humidity? Other? — 

Any additional information, (If special modifications have been made by the user, please describe.) 



Be sure to include your name and phone number on this service form. 




